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ADVERTISEMENT. 


In 01‘dev that the precise design of this Synopsis of Science may he 
niiderstood, the compiler has been directed to recapitulate hrietly the con- 
sideratioiis, detailed in the published Educational reports of the last five 
years, which have guided his proceedings in regard to the Sansk rit de- 
partment of the Benares College. 

On receiving charge of the Sanskrit College it was my duty to become 
aequaiiited with its eonstitiition and iiistory, with a* view to introducing 
whatever improvements might be found consistent with the retention of 
its character as a seat of Sanskrit learning iiot unworthy of its classic 
locality, I was not re(piired to give an opinion whether the funds devo- 
ted to the encouragement of Sanskrit learning might he profitably diver- 
ted to other purposes. Idie Sanskrit (x^llege was designed to be a 
perrrianent institution, and it was not needed that I should deprecate the 
idea of foregoing in degree the peculiar advantages offered by such 

an iustitutiou for the advancement of education in India, — advantages 
for which there could he found no substitute. The proximate end, on 
which these peculiar advantages seemed capable of being brought effectu- 
ally to hear, is the development of a language adequate to the reproduc- 
tion of European thouglit, and the construction of a seientitic literature 
rightly adapted to our educational purposes, by being in a form congenial 
to the Hindu mind, and free from barbarisms of speech. It was through 
the Sanskrit, I perceived clearly, that tliis must be effected ; but it has 
never been contemplated that in the Sanskrit the results should remain 
locked up. Such then being the proximate end, it is here to be shown, 
in chronological order, how the end has been kept in view, and what pro 
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lias been inado ill Bkctcliing a (le^sigii which would require many 
li^nnls for its completion. 

From a letter of Mr. Jonathan Duncan, the Resident at Benares, dated 
2 1th Decemher 1798, itajipcars that the Sanskrit CoUeg*e was at that time 
founded “ for the enltivatlon of the law’s, literatave, and (as inseparably 
connected with the two former) religion, of the Tfindoos.’’ The disci- 
|>line of the College, it was added, was to be conforrnahle in all res- 
pects to the Dharma S'nslra in the (^liapter on education.” These terms, 
as I remarked in the Report for 1816-17, appear to contain tlie germ 
of noilhng beyond tiie eoneiliating of the natives of linlia l)y paying a 
graceful compliment to their language and literature, and of perhaps pro- 
yiding better educated Pandits to act as legal counsellors than could 
otherwise have l)Cou always met with. For many years all the efforts of 
the various gentlemen who look an interest in tlie College appear to have 
been diieeted to the inercasing of its ctllcieney in these respects.” The 
iirst decided effort which I found recorded for turning the institution to 
furtiier account was tluit of Mr. J. Muir, C. S., who undertook the du- 
ties of Principal during the session of 18 J l. ]Mr. Muir delivered lec- 
tures, in Sanskrit, on Moral and Intellectual Pliilosophy ; and the senti- 
ments which lie then inculcated liave often since that time furnished to- 
pir'S for discussion in lhe(a)Uege. On the year 18 Iti-dZ, my iinjiression, 
as recorded in tlic printed report, was tliis, thatmn the studies of the 
Sanskrit College all improvv''ment at present must be in the way of addi- 
tion, not of substitution, because Tlic most perfect European education 
bestowevl upon a young Brahiniu, howevtu* great a blessing it nught be to 
him:'>*lf, would exert no beneficial inllucnco licyond Ids own breast, if 
nnaeeorapanied by tlic amount of Sanskrit erudition which is indispen- 
salde for siumring any degree of respcctfid attention to his words.” 

The most interesting experiment of the session 18 17-d 8 was the intro- 
dnetion of the study of English into the Sanskrit College. The repug- 
nance of the |:)upils to tins new Btudy was overcome by the offer, to the 
Senior Students wliose period of study was expired, that they should be 
allowed to retain their sclioiarship allowances on condition of their read- 
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iiig English. These men I was very anxious to retain. They had reach- 
ed a point of mental cnlture at which they liad become worthy of being 
reasoned with on the comparative merits of the civilization of ancient 
India and of modern Europe^ — a point which the junior pupils were not 
likely to reach until they in turn should he past the age at w^hich they 
could retain a schohnj|Jiip under the existing regulations. Goveniraent 
having sanctioned the proposed experiment, the English class of pandits 
was formed. Its aspect at tlie opening of the session, as remarked in the 
priotcd report, ‘‘ was not auspicious. The majority of the pupils were 
very averse to the study, and seemed to think tlycinsclves in some mea- 
sure degraded in the eyes of the other students. They attended reluc- 
tantly, when every device for evading attendance failed : — books were lost 
or had not been supjdied ; pens and ink became suddenly improcuralde ; 
and lialf the time allotted for the lesson w^as sometimes spent in settling 
the fastidiously protracted jireliminaries. The pandits seemed greatly to 
dread being desired to attend in the English ( ‘ollege Bungalow, where 
their slender accpilrcments in English might expose theui to a disadvau- 
tageous comparison with little hoys wiio had been reading for a year or 
two. Wlien tliey found that no such design upon them was really con- 
templated, their apjyrehenslons gradually wore off, juid ultimately they 
came over (from the building appropriated to the pandits) to the Eng- 
lish department, of their own accord, for several Imurs daily, in order 
that they might be within reach of assistance when preparing their les- 
sons.” The first want of tins class w as a suitable ’Ihiglish grainmar, all 
the existing grammars being, with reference to the |)andits, at once re- 
dundant and defeelive, inasmuch as these manuals take for granted^that 
the learner knows notliing of grammar as a science, and tliat his vernacu- 
lar is English or a language of similar idiom. 1 therefore prepared an 
mitline of English grammar in Sanskrit, wdiich w'as communicated to 
the pandits in the shape of lectures, and, after having run the gaunt- 
let of tlieir by no means indulgent criticism, was printed for (he use ol: 
the class. 


In the session 18 18-1 steps were taken for bringing about some mutual 
understanding between the sludciits of (Ijc Sanskrit and of (lie Elng 
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lisli departiuentii resj:)ectively. It was noticed, in the report on the year, 
as a fact to be lamented, “ that the advanced scholars of the English 
and of the Sanskrit Colleges, though speaking the same vernacular, are 
mutually unintelligible when the conversation turns on the subject ot 
their studies. The technical terms with which they arc respectively 
familiar, being the product of opposite theories, n^e not convertible by 
one who is not conversant with both. 

The consequence is, that the Pundits, in full reliance upon a dogmatic, and, 
as they think, inspired philosophy, which has stood the discussion (such as 
it has yet en(?ountered) of ceiitmies, look with calvn superiority on the pre- 
tensions of a more modest philosophy, which avow’s that it is only progress- 
ing towards that perfection which it cannot hope to reach, — whilst on the 
other hand our English Students, struck by the imposing methodical com- 
pleteness of the Brahmanic systems, which they cannot comprehend in de- 
tail, and bewildered in every attempt to cope with the dialectical subtlety of 
the Pundits, who, they see perfectly, though imiiitclligihle to the English 
Student, are quite intelligible to each other, become possessed by an uneasy 
feeling, that there is more, if they could but come at it, in the Sanskrit phi- 
losophy than is dreamt of in ours. Hence comes the apj)arent anomaly that 
a man who can ex])ound the Newtonian Astronomy, consults his astrologer 
with the same deference as the most ignorant villager ; and confusedly be- 
lieves in bis heart, what the Jesuit Editors of the Principia’^ only professed 
with their lips, that the earth stands still, though the hypothesis of its motion 
may sufliee to account for the phenomena. Hence it is also, that although 
acquainted wdth the theory of eclipses, and jihle to calculate them by Euro- 
pean formulae, he would not on any account neglect to perform the ceremonies 
ordained for the purpose of helping the luminary out of the jaw's of his m}^- 
thologienl enemy, the trunkless demon of the aseciuling node. Jbe only W’ay 
to remedy this, is to put sucli a one in a position to judge for himself by mak- 
ing him sufficiently well-acquainted with both sides of the ease. It is scarcely 
necessary to observe that a decision in our favour carries ten -fold moral force 
wdth it when it is known that the person so deciding knows not meredy wdiat 
he embraces, but also, thoroughly, wliat he deliberately abandons. 


With the view of enabling tlie students of the English department to 
meet half-way the Sanskrit students who had began the study of Eng- 
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lisilj two steps were taken during the session 1848-1819. The one was 
the preparation of an English version of the Sanskrit school-grarnniar^ 
the Lofjhii Kaimmdi, with references and comments : — the other was 
the deliver}!' of a set of lectures on tlie Nyaya Philosophy. As 
it may strike the reader, if unacquainted with the subject, that 
the translating of y:ie Lagku Kanmudi was a superfluous labour 
while English grammars of the Sanskrit already existed, I may 
be permitted to quote the opinion of Professor XL XL Wilson, to 
wdiom the first faseiculus (of about a liundred and fifty pages) had been 
sent, l^rofessor Wilson says of the version, ‘‘ It wdll bo of infinite use 
to those who wish to learn Sanskrit substantially and in earnest. 1 
went through the text, as far as your translation extends, w’ith one of 
P my Oxford pupils, to his great gratification and advantage/’ The 
peculiar advantage of studying the Sanskrit grammar in the shape in 
which it is presented in the Kaunaidi is this, that the learner is thus pre- 
pared to avail himself of the rich treasures of Sanskrit philology, 
which, to the mere reader of the grammar reduced to the European 
form, are a sealed book. That the philological works of the Iliiidiis 
contain much that is yet to be gained from thejii may be interred from 
the anxiety expressed by Dr. Max Midler, the editor of the Vedas, tliat 
the Great Commentary” on Pani^Ti’s A[)horisms should be printed. 
An edition, sanctioned by Government N. W . X^., is in progress here. 

The text-hook taken for the lectures on the Nyaj'a Plnlosophy was the 
Tarica-Sangraha. Here, as remarked in the report, “ X took sentence 
by sentence, first giving the original, wliieh my hearers wore able partly 
to understand ; then a translation ; and then a commentary, pointing out 
the correspondence of each part to the several divisions of iMiropean sci- 
ence, and noticing anything analogous in the speculations of antiquity 
that occurred to me as likely to do good, eiilier by showing that the 
same truths had been hit upon, or the same errors for a time adhered to, 
out of India as well as in it. These lectures w'cre listened to wdth mark- 
ed interest, the subject being one which the students are ambitious of 
understanding, — one which can easily be made clear to them with the aid 
of explanation in English, — and one which the pandits have n ot the 



VI 


AOVEKTISEMICNT. 


most distant (^oucepiiou of the possibility of explaining in an cxoterie 
fashion/” The Lectures on the Tat)m-s(m(jraha, mchiding the text and 
translation, were printed lor the use of the College. The discussion 
which the translation has \mdergone has suggested various urnendnients, 
and an improved translatiou (accompanied hy a version in Hindi) has had 
the advantage of being superintended, in passing yirough the press, by 
in y valued coadjutor Mr. T. Edward Hall. . 

At the annual examination of 1848-49, thinking tliat some acconnt of 
the actual nature of an examination of the Sanskrit College might prove 
interesting, I selected such (piestions in eaeli department as iniglit give a 
general idea of the topics which occupy the attention of the native lite- 
rati. Some of these here follow. 

Questions on the V^l:DANTA or Theological system of 

rHILOSOFUY HEDUCED IIIOM THE VkD/VS. 

Wliat answer do you give to the ohjoctiori that if the Divine Spirit be, 
“ as you say, devoid of fjualities, it cannot be made the subject of medita- 

tion 

« 

“ Determine what is the real state of the case in regard to the following 
“ doubt, viz., whether an elephant and'thc like, seen in a dream, is or is not 
“ produced at tliat time, seeing tliat it has no material cause 

“ How is the opinion of the VaisesJdka School of the Nydya sect respeet- 
“ ing atoms, to be refuted 

“ Explain the erroncousness of such opinions as that of tlie .sours being in 
“ the, form of an atom V' 

Que.stions on the Sankhya .SYSTEM OF Phii.osophy (of 

WHICH THE ORTHODOXY 13 HELD TO BE RATHER OUES- 
TI ON able). 

“ How do you prove that primeval nature lias an imlependent existence 

“ How do you meet tlie arguments of the Vedantists who deny a duality in 
“ the universe, asserting that notliing exists c.xce])t God ?” 
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Prove the existence of the Deity acconling to the views of the Theisti- 
cal school 

‘‘ How does the soul, in transmigration, enter another body V* 

P>y what ascetic practices is a knowledge of tlie pa>t and the future at- 
tainahlo 

Ilow do you (vuow that Quietism is right, and in acconlance witlj 
Scripture 

Questions on the Ny.aya or Looical and Atomic System 
ov' Philosophy. 

What is the distinction recogi‘hz:cd by the Naiydyikas between tlie Supreme 
Spirit and the living soul ?— and what objoctioa is there to the opinion 
tlwit, of the two, the latter only exists V 

‘‘ IIow do you prove that the mind is in the form of an atom?’* 

In the opinion of the Naiydyikas, how many kinds of ])roof are there, and 
“ what are they ?’* 

IJow do you prove that gold is identical in substance with light and heat 

Before presenting any other questions, it may be well to make some re- 
marks on tiiese. One of the first retlections likely to be suggested by a per- 
usal of these questions is this, that the |>npils are taught by one Puedit to 
establish, of course by irresistible arguments, positions which tlie Pundit in 
the next lecture-room teaclies him to assail and carry by argiuncnts equally ir- 
resistible ; and this refiection naturally suggests two questions, —docs not this 
keep the Sanskrit Pol lege in a state of feud ? ami u liat is the state of ’the 
Student’s mind after lie has gone through the incongruous curriculum ? The 
first question is easily answered. Provided tlie pupil reads witli a given teach- 
er, that teacher seems to have not the slightest objection to his reading with, 
any of the other teachers. With the yimv of determining in some measmar 
the result of the course of discipline on tlic minds of the Stndiuifs, I pro- 
posed to the Senior Students the following question. 

‘ xVs the three systems of Philosophy which you have studied in the Coilegt 
professedly dis[)nte each other's positions, and cannot tlicrcforc all he entirely 
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in the right, tell me whether you adopt any one of them to the exclusion of 
“ the others ; or, provided you really have formed any ophiiou of your own at 

all, whether you ndopt, eelectieally, something from each / 

The answers were generally to the effect that all the three systems were re- 
ooneilalile with Scripture, and tliat w'hat appeared in any of them to be a de- 
viation from the trutlj, was in reality only an accomodation to the weakness 
of the Immaii luiderstanding, which renders it necessary in the first instance 
to communicate the truth under the garb of error ; just as a mother, in point- 
ing out the moon to her child, speaks of it as the shining circle at the end of 
her finger, which is intelligible to the child, while the mention of its being 
distant by thousands of leagues would have hopelessly bewildered him. This 
is plausible ; but the habit of viewing the same assertion as true at one mo- 
ment and false the next, has apparently helped to lead to the existing remark- 
able indifference as to what is true in itself. Truth, under such circumstances, 
becomes a matter of taste, concerning which non cst disputandum,” except 
in so far as this disputation may furnish matter of amusement or display. We 
are not here enquiring into these curious philosophical systems as a mere mat- 
ter of curiosity. The question of questions in regard to them is here — how% 
and how far, they are capable of being turned to account. 

“ Of the three leading Schools, the Vedanta^ the Sdnkhyn.f and the Nydya, 
the first, being an attempt to reconcile Hindu Scripture with Philosophy, ob- 
viously docs not promise much to aid us. The second is as nearly as possible 
a system of Nihilism, though Its advocates protest against imputing that charac- 
ter to it. It contains much that is ingenious, and not a, little (as Professor 
Wilson and others have shown) that has been only recently excogitated in 
Europe. But as a system, it tends to nothing that we can have any interest 
in promoting. We cannot make its plan therefore the ground -work of any 
curriculum of our own, 'fhe Nydya on the other hand is a very fair, anti, in 
some respects, admirable, attempt, on the part of certain speculative philoso- 
phers, who had made perhaps as many observations and experiments as they 
had opportunities of making, to present a complete and consistent physical as 
well as metaphysical theory of the universe. Of this system, therefore, I have 
chiefly made use, in laying the foundations of an attempt to present to the 
Students of the Sanskrit College an equally comprehensive view of the uni- 
verse, divested of those errors in their own Nydya whicli modern observation 
wrul experiment have sliowu tube such, and giving somewhat of its due promi- 
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nence to the physical departments of science, which were much less prominent 
in the original exposition of the Nydya doctrine than its metaphysics, to 
which the physics were entirely subordinated as they have ever since remained. 
While their system professes to embrace the universe, it really neglects all 
that forms the subject-matter of the physical sciences, and consequently its 
professors look down with self-complacent superiority upon the cultivators of 
physical science, and with indifference upon its results. The case of Astrono- 
my presents only an apparent exception to this rule, for it is for astrological 
purposes alone that the bulk of the Brahmins value Astronomy. Here, as in 
other departments, the know ledge that they have, furnishes too often the main 
obstacle to their acquiring more. But this is only an additional reason why 
we should take care to ascertain what it is they have ; for whatever they pos- 
^^ess of truth, will remain an obstacle, until we make it an ally. 

The Hindoo mind for a long period, has been in what Whewell calls the 
^ commentatorial stage/ a stage in which originality is forbidden and slumiied. 
This would seem to present one of the occasions when a just appreciation of 
the history of an analogous period may be fairly expected to throw light upon 
the prospect of the future, on its undesirable probabilities, and its more desir- 
able possibilities, possible only if they be properly anticipated. To this consi- 
deration I shall liavc occasion to revert. In continuation of the purely Sans- 
krit portion of the examination, I subjoin some of the questions on Grammar, 
KhetOric, Law, Mathematics and Astronomy. An inspection of these will 
show that there is here occasion not so much for the Baconian iustruinents 
intended to ‘ originate motion,’ as for those that “ direct” it when once ori-* 
ginated, — the centripetal force, or wmoden yoke, of dogmatic autlioritj', having 
long since converted, what at the outset was onward progress, into the narrow 
yet interminable orbit of an ox in an oilmill. 

Questions on Grammar, 

What is the province of Grammar ?” 

Has a word any sense of its own, or Is it merely a mark for the thing sig- 
nified V* 

‘‘ According to the opinion of the Grammarians (who are at variance on cer- 
tain points with the followers of the Nyaya, &c.,) what is the real state of 
the case in regard to this sentence, viz., Yajnadatta cooks rice V\ 
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“ Many other questions were given on this branch, but they related chiefly 
to the tectinical treatises on the etymological structure of the language, one 
of which treatises^ I have already mentioned iny wish to render accessible 
to the English reader. 

Questions on Rhetorical Composition. . 

What arc generally the faults that can be committed in the way of coni* 
position ?” 

What faults can be committed in regard to the management of a simile 

What is the difference between a simile and a metaphor ?’^ 

Give some account of the cases in which a metaphor is of such a nature 
that the thing for which it stands need not be further hinted/^ 

Questions on Law. 

Two full brothers are co-parceners, one of them dies childless, leaving 
“ wife ; afterwards the other who has lost bis wife also dies, leaving a daughter 
who is childless, but whose husband is living. State what right to the pro- 
perty belongs respectively to the widow and the daughter, according to the 
“ Mitdkshara, and also according to the Ddyahhdga^^ 

‘‘ A person seated in his carriage drawn by a horse, and driven by an expert 
driver, is proceeding along the road, and shouting ‘ keep out of the way, 
keep out of the way!’ As luck will have it, a man is driven over, and kil- 
** led ; which is to pay the penalty, the driver or his master ? ” 

‘‘ A she budalo, with her calf, being entrusted to a keeper during the day 
“ time, having eaten another person’s corn, lies down to sleep there urrhinder- 
“ ed. In this case what penalty must the owner of the budalo pay ? How 
much is the owner of the field entitled to receive ? Is the keeper hlameable 
or not, and if blaiucahle w hat penalty must he pay ? 

“ What kind of proof is most effective, and in what kind of cases ?” 

“ Being curious to see what the Students would make of a case for which 
they could find no precedent in their law-books, I proposed the case which 
Reid cites as an example of an insoluble dilemma,-— of the sophist Protagoras 


* The Laghn Kaumudt—mneo printed, 
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aftd his scholar. Just as I expected, they tried it by everyone of their technical 
rules in succession, never doubting, but that one or other of the keys must fit. 
When they found, to their great surprise, that this was not the case, they 
betook themselves to the unusual* task of unaided thought; and whilst one 
decided that the judge must decree in favor of the pupil, another said that Ije 
must decree in favor of the master, and a third that he had better dismiss the 
case without giving any opinion on the matter, which last is the resolution 
that the Greek judges arc related to have come to. The law Pundit, to whom 
these opinions were submitted, took two days to consider the case, which he 
also tried in vain by his body of rules which never had failed him before. At 
this lie made no secret of liis admiration, but at last he hit upon a solution 
not uijicrcditable in my opinion to his sagacity, viz., that the pupil w*as deci- 
dedly entitled to a verdict in his favor, and that then this would furnish good 
ground for a new action in which the teacher must needs gain his point. 1 
mention this as illustrating ( what I wdsli I could illustrate by instances of a 
character less slight) the lively and salutary excitement which may be created 
among the Pundits when any tiling that they really take an interest in, is pre- 
sented to them in such a way as to compel them to step out of the beaten track. 
Unfortunately, in regard to those subjects respecting which their knowledge is 
most defective, the difficulty is to get them to take any real interest at all . 
The method which I have found to answer best, is to take as a starting point 
some established point in their own philosophy, and to show how the philoso- 
phers of Europe have followed up the enquiry . 

For example, I found that the Pundits entertained a very low opinion of the 
European Logic, some account of which had been supplied to them from the 
popular work of Abercrombie. On this subject I perceived that all ray expla- 
nations were thrown away, until it occurred to me. to enquire carefully whe- 
ther the knowledge of my hearers did not stop short at some point between 
which and the knowledge that I wished to communicate, there remained some 
gap to be filled up, before they could discern that the one was but the cou- 
tiniiation of the other. The result was extrenndy satisfactory. The Pundits, 
gratified by the admission that their own view of the process of inference is 
correct so far it goes, laid aside their jealous hostility, which was succeeded 
by lively curiosity to know' how the thing could be carried further ; — and thus 
was obtained, what was wanted, an unprejudiced hearing for what was to be 
brought forward. It is worth noticing that the very apparatus of technical 
rules — the Barbara Celarenf,'' &c., — which now jopeks so many m Europe, 
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was hailed at once as an earnest of there being something valuable in the trea^ 
tise shown to them. The contrivance of significant vowels and indicatory conso- 
nants was at once recognized as akin to that of Pdnini in his institutes of 
Sanskrit Grammar, and the fact that the system had been matnred more than 
two thousand years ago, invested it with another charm in their eyes. 

These things appear to be worth bearing in mind, for they would seem to 
ndicate that the iikeliet^t way to get the Pundits to lend an unhostile ear to 
ivhat we have got to say, is to lead them from the very point to which their 
correct knowledge has attained, as much as possible, by tlie steps which the 
Xmropean mind itself took in reaching its present conclusions after starting 
from an analogous point. For example, having secured the attention of a set 
of Pundits to the Aristotelian Logic, and having thereby gained something of 
additional respect in their cy^es, I explained to them the design and character 
of the Novum Organon^ and pointed out which division of their own philo- 
sophy, — a division avowedly the least satisfactoiy of all as hitherto treated 
by their own authors, — is represented by this great work. I have found no 
work the general description of wliicli has more excited the curiosity of the 
most intelligent of my Pundit auditors than this. Of tlic way in which we 
are making use of it, I shall have to speak when narrating the studies of the 
Anglo-Sanskrit class. Bacon himself, though as a classic he w ill always be 
read, yet is out of date in Europe as the actual guide in scientific investiga- 
tion. The employment of his own instrument has enabled subsequent enqui- 
rers to detect his own deviations from the right track of discovery : but this 
very fact, if it be carefully kept in view and properly made use of, gives addi- 
tional value to bis writings as an instrument for promoting the intellectual 
advancement of India.” 

Diuing this session, of 1848-49, I delivered to my class of pandits 
part, of a course of lectures, in Sanskrit, on ‘ The Mutual Relations of the 
Sciences/'^' At the examination the following were — 

The topics touched upon in these Lectures were — Part 1 — Astronomy, Geo- 
graphy, Zoology, Botany, Mineralogy, Geology, Chemistry Part 2— Arithme- 
tic, Algebra, Geometry, the Calculus, Mechanics, Hydrostatics, Pneumatics, 
Acoustics, Heat, Optics ; — Part 3 — Metaphysics and Mental Philosophy, For- 
mal Logic ; — Part 4 — The Philosophy of Investigation, Grammar, Rhetoric, 
Ethics, Haw, and Hisjtory, The four Parts are printed in Sanskrit and English. 



ADVERTISEMENT. 


XIJl 


Questions on the Lectures of the Session. 

How many planets are there ? what is the form of their orbits ? nnii 
around what do they revolve ?’* 

‘'What is the form of the earth what proportion of its surface is oceu- 

pied by the ocean r’” 

'' Marine productions are sometimes found in mountain ranges —-account 
“ for this.” 

" Of what description was the fossil ciepliant ?” 

" What is the cheraica) composition of water, and of atmospheric air 

The class to wdiom these cpiestions, in writing, were put and answered in 
Sanskrit, Mr. D. F. M'Lcod, C. S., examined orally on tlic Eiiglisli 
books that had been read during the session. Mr, M’Leod remarked as 
follows : — 

'' I was present at, and a party to, the examination of this Class in the 

Moral Class book,’ Bacon’s ‘]N ovum Organon,’ and otlicr subjects, inter" 
'' spersed with questions on Grammar, and was very highly gratified by the 
''result. The acuteness and profundity acquired by these Scholars in the 

course of their Sanskrit studies, is carried by them into their English ones, 
"and brought to bear, with greateffectjuponcverj' branchofknowiedgein- 
" troduced to them through that medium. Several of them read with consi- 
"derable dueticy and precision, and though, from the comparative briefness of 
" the period which has elapsed since they first eommeuced it, and the great 
“ difficulty of English orthography and pronunciation, much cannot he expec- 
" ted from them in this respect, — yet, from the answers given, and the mode 
" of treating the subjects adopted by them, the impression is irresistibly fo.rced 
" on the examiner that the knowledge they have acquireil is in reality greater 
" than it at first appears : the converse probably, of what might with some 
"justice be said of most ordinary Classes.” 

"The Class is, in my opinion, the most interesting and important in the 
" whole institution. If carried on as it has been commenced, it affords every 
" promise of realizing the expectation entertained of it by the Prineipal, with 
" whom exclusively it has originated ; and I most sincerely trust tlnit its aim 
" and object may never be lost sight of, until the experiment shall have had 
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the most complete fulfilment, and its results been exhibited in an unmistakc« 

able form.” 

In the course, above referred to, of lectures to this class of pan- 
dits, 1 followed the division of the sciences adopted l)y Dr, Ar- 
nold in his address to the Rugby Mechanics’ Institute. 

‘‘ But when we arrived at the questions of Metaphysics, tlie consideration of 
which 1 had sought to postpone until we sliould have gone amicably over some 
less debatable ground, and thus perhaps have obtained some previously esta- 
blished matter to serve for reference to when illustrations were required, my 
auditors, accustomed to that strictness of methodical arrangement which is so 
attractive in their own systems, immediately began to object, (like Demetrius, 
in the play, to Moonshine with his dog and his thorn-bush — ) “ Why, all 
these should be put in the lantern:’'' — in other words, that what in Europe is 
treated as a branch of science, under the name of Metaphysics, ought, with 
some fitter name, to furnish, like their own Nydya, the framework of the 
whole of the sciences. Having foreseen this objection, I stated to my critics 
my reasons for having adopted a different order in addressing them, and men- 
tioned my ho]>e that there might be furnished, for the satisfaction of those 
who felt interested in the preliminary course, a fuller exposition of the scion- 
e(?s, with an arragement modelled on their own. 

The Synopsis to which these recapitulatory notices are introductory is 
an attempt to redeem the ]>ledge thus given. Its principle of construction 
will be the better understood from the perusal of an extract from the Mi- 
nute of Mr. M’Leod on the examination of 18<i8-49. In that Minute, 
Mr. M’Lcod recommends attention to the Report for the year, — 

‘‘ More especially as, in conjunction with those which have immediately pre- 
ceded it, it dcvelopes the principles and gradual progress ( in its application ) 
of what I believe may be considered as an almost entirely novel theory of edu- 
cation, as applied to India, or any other nation similarly circumstanced in 
respect to its instructors ; or at all events one, which in one important respect 
differs greatly from tliat which prevails in our other educational Institutions 
generally. 

‘ ‘ Those w ho have heretofore Imd the direction of Educational measures in this 
country —whether on the part of Individuals, Associations, or the Government, 
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appear to have acted for the most part on the principle of regarding the Hindoo 
mind, for all practical purposes, as a tabula rasa** in respect to any pre- 
conceived ideas, and pre-established system of literature, philosophy, or science 
either useful and valuable in themselves, or esteemed such by the people with 
whom we have to deal : and the effects of this appear to me to have been 
highly prejudicial in many ways ; as I think a survey of the general results 
at our presidencies, as well as elsewhere, will satisfy most candid observers. 

It has tended to segregate from the mass of their countrymen the cleves of 
our Schools and Colleges; and these, finding that they have no longer ideas in 
common with those of their brethren who have not been similarly educated, 
but are rather contemned by a large portion of them, at the same time that 
they are conscious of being more favorably regarded by the members of the 
ruling nation, and more nearly assimilating to them in sentiments, have very 
generally evinced a disposition to regard the former witli contempt, and to 
imitate the least cornmeridable of the peculiarities of the latter ; a scll'-sufficient 
assumption of superiority taking the place of the humility which a mere en- 
trance within the portals of the vast field of knowledge luight be expected to 
produce. It has also greatly incapacitated these youths for the task of com- 
iiumicatirig to their countrymen the knowledge which they have themselves 
acquired, even if other circumstances favored tiie endeavour ; so that except 
to whatever extent circumstances may in any locality have given extension to 
the direct study of English, little or no progress has as yet been made towards 
inoculating the mass with the knowledge of the west ; and lastly it has entire- 
ly repelled from us, by wmumling their self-esteem and pride of learning, those 
classes who possess, and who unless tlieir position bo more stratagetically 
stormed, I doubt not will yet long continue to possess almost unbounded 
influence over the large majoiity of the nation.’* 

Mr. M’Leod goes on to express his hope that, by carrying out . the 
system laid down in the report, the imsatishictory state of things then exis- 
ting may be reversed ; that ‘Hhe student of the European school may be 
brought to understand, appreciate, and sympathize with tlie Oriental scho- 
lar, and the latter with the former that the analogous or ideutical 
truths of the systems respectively pursued by each may be traced out and 
established as common starting points and that thus the learned Hin- 
dus may be conciliated and gradually won over to our cause, and their 
great erudition and philosophical training brought to bear yith effect and 
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power upon the researches which we molt value;’* These sentiments ot 
Mr. M*Leofh most accurately embodying the drift of tlie Report, will 
Bidhce to explain the general aim of the following Synopsis. Why the aim 
has been taken exactly as it has been, it remains to explain. 

In the Report for 18 41)-50, speaking of the English class of pandits, 
1 remarked tliat — Aided by these men I shall noW' listen with simple 
disregard to the discouraging reiterations of those who insist that the 
truths of science and of philosophy cannot be communicated to the Hin- 
dus without the use of words which would go to barbarize their language ; 
as if a language richer in roots than any European one, and far more finely 
organized, could not supply as many available terms; — as if the Sans- 
krit needed instruction at the hands of its grandchild the Greek. To 
render intelligible our plan of operations for the next session, I may 
here remark tliat my first attempt to open a communication with the fre- 
quenters of the Sanskrit College was made in the shape of a set of lectures 
on the circle of the Sciences. The Sanskrit version of these was careful- 
ly revised by Pandit Bapu Deva, wliose rendering of many of the scien- 
tific terms was most felicitous. 1 learn that these renderings have been 
incorporated into the English and Sunskiit Dictionary now preparing by 
Professor Williams for the use of the College at Haileybury. In those por- 
tions of the lectures which related to sciences which the pandit had not 
studied, we were less succesful than in the others. To ensure success it 
would liave been indispensable to investigate the first sources of the nornen- 
elatiirc apjiropriated to the same or kindred tojiics in the Hindu Philoso- 
phy ; and how 1 propose that this shall be done, 1 now proceed to state. 

** The mill tit udinous treatises in the six great schools of Hindu Philo- 
sophy are all based upon, and arc held to be of authority only in so far 
as they coincide with, the six collections of Aphorisms promulgated seve- 
rally by the founders of the six schools. The aphorisms were iut ended 
not to convey the doctrine but to record it ; — hence their oracular bre- 
vity. They resemble, in some measure, such formulm as that of the Bi- 
nomial Theorem, which, when once explained, enables one to recollect 
readily a complicated ^crie^s of facts which— if expre^^ed in tvord^ at 
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l^ength — no human memory colild hAve retained a knowledge of. llie 
Aphorisms, therefore, from the first, had been attended by a cojnment, oral 
or written ; and, with the aid of these, it was now proposed to make a criti- 
cal examination of the original Aphorisms* because, “ only by tracing the 
development of Hindu thought, and of the terminology in which it clothed 
itself, can we hope to avoid completely all such misappropriation of 
terms as that which has, to a certain extent, baffled all European attempts 
at translation into the Hindu dialects wherever the subject of discussion 
transcended the palpable.’* 

It has been already remarked, that, of the Hindu systems, the Nyaya 
is the one which lends most readily its arrangement and terminology 
for the conveying of new scientific information intelligibly and satisfacto. 
rily to a learned Hindu. Whilst, therefore, the translation of the several 
systems has been carried on simultaneously, — each system supplying 
terms and views which will be turned to account, — it was the arrange- 
ment of Gautama’s Aphorisms that was adopted as the frame-work of 
the proposed Synopsis. In his 1st Book ( — which, along with the 1st 
Book of the Vameshikay the Mimdnsd, and the Veddnta Aphorisms, has 
been printed with a translation for the use of the College—) Gautama 
lays down the plan of the whole Nyaya system. This he effects in sixty 
Aphorisms. He starts with the grand question of questions — the enqui- 
ry as to how w^e shall attain the summiim bonum — the “ chief end of 
man.’* This he declares, in his 1st Aphorism, can be reached only 
through knowledge of the truth. But have we mstruments adapted to 
the acquisition of a knowledge of the truth ? We have our senses &c. ; 
and these Gautama enumerates and describes in Aph. 3 — 8. Biit, if 
we have instruments, let us know what are the objects to which these are 
appropriate. Gautama replies to this in Aph. 9—22, But the bare 
enumeration and definition of objects does not ensure a correct and be- 
lieving knowledge of them. The state intermediate between hearing and 
believing— viz. doubt— he defines in Aph. 23. But how is a man to get out 
of Doubt ? He will be content to remain in doubt if there be no motive 
for enquiring further. Here — Aph, 24. — he takes occasion to explain 
what constitutes R Motive, But in every enquiry, to reach the unknown^ 
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cribes and classifies ill Apb* 25—31. 'fhe data being determinod^ it ta 
propel!* to determine the order of procedure in demonstrating thereby 
sorbetliiEig not granted. This he sets forth in Aph. 32—38. But, Ihtis 
far, we have been shown an arrangement for hearing only one side 
of a question, and how can we be sure that the opposite side is Hot the 
right one? The propriety of hearing both sides of a question 
before making up our minds Gatj-Tama suggests in Aph, 39- 
40, But au honest enquirer may have heard both sides and still be in 
perplexity. Is he to be turned adrift ? Not at all. Candid discussion 
ivith one who holds the same first principles is open to him ; — Aph. 41. 
There arc yet others, besides honest enquirers, that are not utterly to be 
rejected. A person, not hopelessly irreclaimable, may wrangle for the 
sake of a seeming victory. In Aph. 42, therefore, he defines wrangling. 
A person, still perhaps not hopelessly irreclaimable, may descend lower 
than the former by carping at others without undertaking to settle any- 
thing himself. In Aph. 43, therefore, he defines cavilling. Wranglers 
and Cavillers, in default of good reasons, must make use of fallacies. 
The various forms of Fallacy, therefore, he defines in Aph. 44 — 49. But 
Whilst there are fallacies by which a man may deceive himself as well 
as others, there are frauds which are employed only dishonestly for the de- 
ception of others. These he describes in Aph. 50 — 57* Descending a 
Stage lower, an opponent may employ objections so futile as to be capable 
of deceiving no one. It is well to know in what consists the futility of 
feuch objeertions. This he shows in Aph. 59. Finally an opponent, sink- 
ing even below the former one, (who knew what he was opposing, though 
He could make none but a futile opposition), may be unable to under- 
stand the proposition Aph. 59-60. Here Gautama's patience is 
exhausted, 6?/^ before. Against everything but the inviacible com- 
Hination of the spirit of contradiction with stiipidityy he seeks to arni 
Himself at all points. An objection the most frivolous — or even futile- 
provided it be tendered by one who understands the proposition — he does 
not refuse to deal with. The objection might perplex some honest en- 
quirer, tod therefore Gautama, or the follower who has imbibed his spWt, 
does not consider hiniself at liberty to consult his own ease by scouting it. 
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tl^ough he himself m^y see fiitOity pl^ly enough^^ It is feir ^ re- 
member this when we meet with luidicrously friyolous objectians grMelj 
treated in a Nyaya work. The author is not to be supposed to haye in- 
the objection* It was offered to him— offered very possibly for 
the purpose of vexatiously puzzling and perplexing, ^and the JN'aiyajdka 
will not allow himself to be puzzled and perplexed. The most qftvilliiig 
opponent is not to be allowed the semblance of a victory ; he shall Pot 
be allowed to boast even of Laving put the philosopher out of temper. 
This single triumph— such as it is — is reserved for the absolute blockhead. 

Now, I should be glad to learn from those who uiidervalue the methad of 
the Nydja — speaking of its exposition as tedious, loose, and unmethodi- 
cal”* — how could that method be much improved? One must not 
imagine that he has answered this question when he has shown that there 
are some important matters not here explicitly notiped by Gautama« 
He must be able to show either that there are important matters for 
which the system provides no place, or that the order of procedure is mis* 
arranged. The order of procedure, according to my own view of it, 
I have explained. The enquiry whether there is anything within the 
range of conception, for which the arrangement above sketched does not 
furnish its appropriate place, is one to which we aim at giving a practical 
reply in the Synopsis now commenced. Meantime let us take a cursory 
glance at the range of topics which it will be necessary to deal with in 
preparing a consistent digest of European knowledge for the use of India. 

Knowledge may be subdivided, at the outset, into that whicli is comma* 
nicated by Revelation, and that which is searched out by Philosophy. It 
is with the latter branch that we must at present be concerned. The know- 
ledge that is searched out by Philosophy constitutes Science ; and, when ap- 
plied to the attainment of further ends, it gives rise to Art. Science relates 
to things that exist as realities, or to their modes of existence. What exists 
as a reality is either Matter or Spirit. The modes of existence, as Number, 
Magpitude, and Motion, give rise to such sciences as Arithmetic, Gaome- 

* Eitterks History of Philosophy — English version— -vol. iv, p. 366 
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ifjy and Mechanics. Matter nmy be regarded as Imponderable or Pon^ 
derable. Imponderable matter presents itself in the shape of Heat, 
Electricity, and the like. Ponderable matter may be regarded either as 
in Atom or in Mass. In Atom, it furnishes the object-matter of Chemis- 
try. Viewing it in Mass, we have the earth either considered in connec- 
tion with the heavens, by Astronomy ; or considered alone ; superficially, 
by Geography ; or as to the causes of the existing distribution of its 
parts, by Geology ; or in regard to its constituent masses. These are 
either Inorganic, in which case they belong to Mineralogy ; or Organic, 
the latter division including the Vegetable and the Animal kingdoms. 
Vegetables are considered structurally in Botany, and functionally in Vege- 
table Physiology. Animals are considered structurally in Zoology and 
Anatomy, and functionally under the two physiological conditions of 
health and disease, — conditions with which the science of Medicine is 
conversant. 

Reverting to the other main branch of the division, — Spirit may be 
divided into the Supreme Soul, or God, and the Human Soul. Consi- 
dered as a philosophical question, apart from revelation, the question of 
the existence and the attributes of God furnishes the topic of Natural 
Theology. With regard to the human soul, there arise four questions. 
We may enquire into its nature and operations, as questions of Psycholo- 
gy • an enquiry with which it is customary to associate the enquiry into 
Being — or the science of Metaphysics. Secondly, we may enquire into 
the duties of the soul, or of its possessor. This gives rise to Ethics, 
private and public. Thirdly, wc may make separate enquiry respecting 
the instruments of the soul — Language, Inference, and Exposition. 
Language belongs to Grammar ; Inference to Logic ; and Exposition to 
Rhetoric. Inference again is either of generals from particulars, or of 
particulars from generals, — so that Logic is either Inductive or Deduc- 
tive. Fourthly, Soul, or its possessor, may be regarded as the agent in 
the events of History ; and this may be regarded either as maUer of 
fact, or as something calling for an exertion of the critical faculty. View- 
ed under the former aspect, it may be subdivided into Political, Religious, 
and Philosophical. Considering it critically, wc have two questions to 
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ask, — firstly/ what are its credentials ; and lastly, what are its lessons. 

Assuming that this enumeration includes the topics of a complete 
liberal education, I am desirous that the wdiole digest, of which the 
Synopsis seeks to indicate the starting-points, shall be prepared, in 
the first instance, with reference, as close as may be, to one of the 
systems of the universe already current among, and accepted by, the 
Hindus. In explanation of this, I w^ould beg the readers attention 
to the two facts, that a mind can be taugbt only by means of the know- 
ledge that is already in it ; and that a piece of knowledge in any mind 
— more especially in a mind unfavourably prepossessed — is an obstacle to 
the reception of any system which, by neglecting to recognize, appears 
to deny, the truth of that piece of knowledge.* Whatever in the Hin- 
du systems is a portion of the adamantine truth itself, will only serve to 
baffle our efforts, if, in ignorant impatience, we attempt to sweep it a^vay 
along with the rubbish that has encrusted it. What kind of engineer 
should we think him who, when seeking to raise a beacon on the Good- 
win sands, should hesitate to acknowledge as a god-send any portion of 
solid rock, amid the shifting shoals, to which he might rivet one of the 
stays of his edifice ? When a headstrong opponent of an imperfect 
system treats with indiscriminate scorn what is true in it and what is 
false, he has no right to complain that his arguments against the false are 
as lightly esteemed as his scorn of the true. When the Hindus have only 
halted at a stage short of that which w^e ourselves have reached, w^e should 
rejoice in being able to present to them our superior knowledge as the legi- 
timate development of what is true in their views, and not in the shape of 
a contradiction to anything that is erroneous. 


* The scheme of treating the Hindu mind as a tabula rasa, ignoring the exis- 
tence of Hindu opinions right or wrong, and of attempting to educate India 
solely by means of the English language, I of course regard as unfeasible. 
The hopelessness of this somewhat indolent and much too supercilious scheme 
has been shown by Mr. B. H. Hodgson, in his letters on Indian education, with a 
clearness that might convince prejudice itself. Let there be as much English 
education given as possible, — the more the better ; — but let not the delusion be 
cherished that we shall then have done our part. 
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It is with such aims that I have made use of the Ny4ya system as the 
framework of the following Synopsis. Wherever in the 1st Book, I have 
been constrained to dissent from Gautama, I have recorded the amount 
of divergence in a note. Tlie English reader will perhaps be surprised to 
find in how few instances I have considered it necessary to record dissent. 
He may probably think that I ought to have done it in more ; but, in re- 
gard to this, I trust I shall be able to satisfy the attentive reader as the 
work proceeds. The style of the commentary will strike the English rea- 
der as stiff and migainly. If he will compare it with the translation of 
Gautama’s Aphorisms which is interspersed with native comment, he 
will see that I have intentionally imitated the established style of exposi- 
tion. ]My object was, not to introduce a new style, but to convey truth 
in the style which, as being the established style, was the least likely to 
provoke cavil. 

After completing the first Book, containing the plan of the whole sys- 
tem, I did not consider myself bound to follow the order of Gautama 
ill the development of the matters therein propounded. Having come to 
an agreement with my Hindu readers as to how much of the first Book 
we jointly accepted, the development of the accepted portions might of 
course, without detriment to the mutual understanding between the par* 
ties, be carried out in such order of succession as circumstances should 
render advisable. Now it happens that the Nyaya Philosophy, though 
funiishing a framework for an encyclopedic body of doctrine, has, in 
practice, confined itself very much to the topics of Logic and Metaphysics, 
to the neglect of the topics of Physical Science, This defect it appeared 
desirable to remedy in tbe first instance ; and, accordingly, my 2nd Book, 
after a concise account of the Five Senses (in regard to which some erro- 
neous opinions of the Ilindus are there corrected), proceeds to treat of 
/‘ Matter, or that — the qualities of which furnish the objects of the Sen- 
ses.” This leads to Astronomy, Geography, &c. These Sciences are 
here treated very briefly, because, as I intend the Synopsis to be employ- 
ed by the Nyiiya Professor, and to furnish for his pupils a comprehensive 
view of the relations of all the principal sciences to the philosophical sys- 
tem of the Nyaya, the main design w’ould be obscured if each topic were 
treated much more fully. For the use of the other classes respectively 
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I intend that each of the sections in the Synopsis on Geography, Chemis- 
try, Mechanics, &c., shall form the starting-points of more expanded trea- 
tises, The completion of these would require such resources as those of 
the College of Translators which Mr. B. II. Hodgson has designed, and 
which i shall not despair of seeing established. In urging the advisable- 
ness of preparing a carefully systematized body of instruction, it is of 
course implied that the irregular and imrnetliodieal plan hitherto followed 
for supplying the desideratum does not appear to me calculated to pro- 
duce effects correspondent to the labour thus iinmethodically expended. 
The plan hitherto has been to say, Here is a good book — let us trans- 
late it.’^ And so a considerable number of books has been translated, and 
still the want is far from being supplied, — just because no moderate, 
much less any undigested, selection of books can give the quintessence of 
the Library of Europe. One book intrudes largely into the province of 
another ; and when this is not attended to, we go on reproducing the same 
thing over and over again, sometimes in a better shape and sometimes in a 
Worse ; and the consequence is, that, while our toil is multiplied, our 
readers do not add to their knowledge iu proportion as they proceed with 
their reading. The evil of such a state of things in Europe is attempted 
to be remedied from time to time by the issue of Encyclopedias, wdiich 
undertake to sum up the total of real knowledge up to the date of publi- 
cation. The adoption of such a comprehensive method at the outset 
would have saved, in Indian education, a world of time and expense. It 
is not too late to adopt it in regard to the Sanskrit, iu which hitherto 
next to nothing has been done to make those conversant with that lan- 
guage acquainted with European Science. 

To a reader who is not aware of the relation— the still existing relation 
of the Hindu languages to their living and fostering parent the Sanskrit— 
the only parent to which they can look up for wholesome nourishment*, — 


* la regard to this point I may transcribe the following observations from, 
an article on ‘ The Prospects of India, Religious and IntellectuaP ( Benares 
Magazine, March 1849,) various portions of which, as conveying opinions 
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it may seem paradoxical when I assert that the ht preparation of a ver- 
sion of any scientific treatise in Hindi, Bengali, Mahratta, Guzerati, 
Tamil, Telugu, and Sanskrit, is easier than the preparation of the same 
set of versions without the Sanskrit one. A little reflection will show 
that there is nothing strange in this. What is the difficulty — the tran- 
scendent difficulty — in translating a European Work into an Oriental lan- 
guage ? It is the difficulty of determining the exact amount of corres- 
pondency between the different portions of the knowledge, on any sub- 
ject, elaborated by the East and West, and embodied in their respective 
forms of speech. Different philosophic or scientific theories give rise to 
different forms of expression ; and, where this is disregarded or forgot- 
ten, we have the story of Babel repeated indefinitely. Now, this im- 
mense difference of cast, both in thought and expression, meets us in 
every Indian language which w'e try to make the vehicle of our know- 
ledge ; but if the work which it is wished to communicate to all India is 
once put fitly into Sanskrit, the task is well-nigh done. There is little 
more difficulty in turning the Sanskrit work into each and all of the 


which I have seen no reason to change, have been incorporated in the present 
Advertisement, 

“ It is a great and mischievous mistake to regard the Sanskrit in India as a 
dead language, in the sense which that term generally suggests. What is 
meant by a dead language ? Niue men out of ten will reply at once that it is 
a language no longer spoken by the people as their mother-tongue. This de- 
finition at once suggests to six men at least out of ten, the idea of a language, 
the cultivation of which, if desirable at all, is so mainly as a matter of intelli- 
gent curiosity. But a very little reflection will suffice to convince any one 
that of the languages which, in terms of the foregoing definition, may be 
called “dead,'* by no means the whole fall under the description here sugges- 
ted. For example, the Anglo-Saxon is no longer spoken by the people of Eng- 
land, and neither is the Latin. To call them both dead languages, however, 
does not fairly imply that their claims to attention are equal. In respect of 
their influence upon the spoken language of the day, the Anglo-Saxon, from 
which, either as a language or a literature, we have long since ceased to gain 
anything new, may be regarded as the deceased parent of the English ; whilst 
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vei nacuLii's, when tliere are properly iiistrucied pandits of all nations at 
hand, than in turning so many ii^ots of gold into guineas, sovereigns, and 
half sovereigns, when llie mint is at your command. When a book has 
been first remlered into nnexceptioiiahle Sanskrit, the risk of error, nnder 
proper supervision, is at an end ; whereas, if translations are made into 
each language directly from the English, the risk of misconception per- 
petually recurs. A correct Sanskrit version is like the golden or platiaa 
rod deposited in the exclierpier otlice, by which all the brass and wooden 
yard -measures in tlie countr}” can he verified, or rectilied. To obviate 
misconception, it may be proper to add, that, I wish tlie Sanskrit version 
to be regarded as the measure and criterion of the sf^nse, not as the 
rigid exemplar of the form to he adhered to in the vernacular versions 
t o which it shall supply the matter and the scientitic tciTninology. 

As it is in the Nyaya class that the Synopsis is to be employed, there 
is one section of it which 1 contemplate treating more fully, in the first 
instance, than t he other sections,— the section, namely, of Logic, Eatio- 
cinativc and Inductive. In the Sanskrit Lectures on tlie Mutual Bela- 
lions of the Sciences, I furnished the Nyaya pandit wu’tli a concise ex- 


the Latin, from which our language receives yearly accretions, and whoso 
literature the minds of each successive generation are ^moulded, acts tlio part 
of a living nurse— -thougli we may choose to hold it technically dead. But if 
the ditfereiice he great hetween these two, which is hidden under the general 
name of dead language/* much more momentous is the dilference which can 
slip fallaciously out of sight when the same convonieutly loose cloak of a gchcra- 
lization based on the non-essential throws its misty folds around the Sanskrit 
also. The Sanskrit, to all intents and purposes of any consequence, is no 
more dead than our reader, who would be able to insure his life on las own 
terms, if he could show that he had the slightest chance of surviving it. 

In the Dedication prefixed to the first Edition of his Dictionary, but omit- 
led in the second. Professor II. H. Wilson remarks 

The value of the Sanskrit language, as an ohjcct of liieniry curiosity, is of 
no moment, compared with its importance in the light in whieli it must he 
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position of the Enropean tlieory of the Syllogism ; and lus pupils^ 
while siudying it, were not a little struck with the technical ajjparatus oi 
Barbara, Celarent, resembling so closely as it does, in its em- 

ployment of indicatory vowels and consonants, the time-honoured techni- 
cal Apparatus of the Sanskrit Grammar. In a sketch of The Philoso- 
phy of Investigation,” I adopted, from Sir John Ilerschel’s Discourse, 
the fine example of Induction furnished l>y Dr. Wellses theory ot the 
formation of Dew. In constructing hoth of these tracts in Sanskrit, I 
found it very difficult to satisfy the pandits. The fact being that tlicy 
had a system of their own, unless all the terms were employed in strict 
accordance with that system, continual misconception was inevitable, 
Our modern conception of Induction being tliat to which is particularly 
to be attributed onr superior progress in science, it a})peared bigbly im- 
portant, since there existed such a difficulfy in coming to a lYiiitnal un- 
derstanding, that the Hindu S})eculations on the subject should be care- 
fully investigated ; and I was therefore glad at tliis time to receive from 
Professor 11. IL Wilson a letter suggesting that a translation ol‘ the 
Aummima KJuinda, or Section on Inference,” tlie standard treatise on 
Hindu Logic, wmuld be very accepta1)le to tlic logicians of Europe. An 
examination of the work in ([uestion showed me a greater resemblance 
than I could have hoped to find betwcani the turn of thought and ex- 
pression in the writer^ and in Mr. Jolm Stuart IVIill, whose work, on 
Logic, Ratiocinatlve and Inductive,” I had begun to employ, witlx 
good prospect of advantage, in reading with my class of pandits. Two 
treatises have therefore been commenced, and put to |)ress ; — the one to 
consist of such a commented abstract of Mr. Milks work as may best suit 
at present the class of readers for whom it is intended, — and the other, of 
translation of the parallel Sanskrit treatise abovcmcntioiied, on the 


viewed by all who duly consider its connexion with the welfare of this country r ' 

This is an important testimony from a scholar, whose tastes and accpiirc- 
ments would tend to anything rather than to make him underrate the value of 
a thing “ as an object of literary curiosity compared with its vaiiie in any other 
point of view,” 
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same subject, to be studied in the English department also of the College* 

For the use of the students iiTi the English department, I prepared, as 
a sequel to the Lectures on the Nyaya Philosophy, a Lecture on the 
Saiikhya Philosophy, embracing the text, with translation, of the Tat- 
fwa-samasa ; and a Lecture on the Vedanta Philosophy, embracing the 
text, witli translation, of tbe Vedarda-sara.'^ Tln'se works, having 
been, since printed, are available as portions of a course of Sanskrit study 
w]ii(h, it is hoped, niay 1)0 gra<lually introduced in the English depart- 
ment as a discipline analogous, in its benefits, to the study of the clas- 
sics in Europe. A fascicidus of the ('xcellent text- book of the Nyaya 
enqiloycd iii Bengal lias also been iirlnted, with a translation, for the use 
of the English pupils ; and, to smooth tlie entrance to the grammar, 1 
have preparcfl, with tlie aid of ]\ir. Hall, a scries of ** First Lessons 
in Sanskrit’' on the ine t hod of 011c ndorff,. each sheet as it was printed 
being supplied to the classes. By such means we aim at rendering Sans- 
krit, with ail its fine capabilities as a disciplinal study, no longer a thing 
here attainable only at the expense of a lifetime ; and it is thus that w^e 
aim further at making tlie English and the Sanskiit depaTtments of tlic 
College understand each other on subjects in regard (o which hitlierto the 
students of the two department.s, though s|ieaking tlie same Vernacular, 
could as little understand eacli other as tlie inliabltants of separate pla- 
nets with separate natural laws. The read<n’ luiaequaintefl with the facts 


In the preface to this translation it is S’emarked as follows : — Tliat* this 
exposition of the most abstruse of the Hindu systems should he faultless, is 
very far from prohiihle. In bringing it — as it now stands — before the .senior 
Fuglish students, and the fdass of pandits, in the Benares College, who liave 
for some time he(3ii studying English, tlie intention includes its being sulunit- 
ted to n searching criticism, so that any errors entertained in regard to tlie 
system, by Europeans, may have the hotter chance of being discovered and 
rootriied.'^ The same remark applies to all my other translntions. Thougli no 
|)a.ins has been s[iared on tluMn, and tlu:y are the, vesuit of labour curiously dis- 
)u'oportioned to tlie smallness of llieir hulk, yet 1 do not pri’sume to offer them 
to t!i(' sehoiavs of Eurojie cxecjit as /troof-^sf/cds aw:u(.ing eorrectiou. 
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may find it difficult to conceive ilm I give Lim my word for it. An - 
other standard worl.^ the treatise' on literary criticism entitled the Sn/i Ui/n 
Darparia, lias ])een selected as a portion of the course of Sanslirit study 
dcjsigned for the English dejiartinciit. The printing of this work, witli its 
translation, as the subject seemed likely to interest Eiiro}>ean scholars, 
has been undertaken by the Asiatic Society ; and the first fasciculus is 
now published as a portion of the ‘ Bibliotheca Indiea/ 1 trust that in 
clue time the whole of tlie course of study pursued in the Sanskrit depart- 
ment will become by such rneans o])encd to the pupils of the English de- 
partment ; and I am not without hopes that wiieii this shall be tlu‘ case, 
a collateral result will l)e tlm removal (from flic minds of those compe- 
tent to judge) of a considcrahle amount of misconception at present ex- 
isting in regard to the nature and value of a Sanskrit education. The 
Oxonian who rightly esteems Aristotle will not disesteem Gautama and 
Siromani when he be(?omes equally well acquainted with tliem. 

In the Benares College, — besides the Arabic and Persian department,^ 
which does not come within the scope of the present notice, — there is 
another department not yet adverted to, viz., the Hindi. According to 
the native system the young Brahman is confined to the study of the 
Sanskrit grammar for a protracted period l>eforc he learns anything be- 
sides the sounds and inflections of words. Tins arrangement being ob- 
jectionable, the younger students of Sanskrit are now formed, during 
certain hours of the day, into classes for tlie study of Tarious matters 
of useful knowledge, such as Geography, Arithmetic, Mensuration, &c., 
in their vernacular Hindi. The various Sanskrit works rendered into 
English for the other department are to be rendered also into Hindi for tlie 
use of these students ; and some progress has been made in ibis 
direction. 

Sueb^— ns regards the* enlisting of the Sanskrit on tlie side of pro- 
gress,— is an outline of . what has been attempted, during the last five 
years, in the Benares College. It was scarcely to be wondered at that a 
Mne of operations such as I have sketclied,— designed to make the learn- 
ing of the Hindus a strong ally instead of a stubborn op})onent,-- ribould 
occasionally be mistaken for a fond admiration ol’ Sanskiii scbolarslnp 
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and an injudicious undervaluing of everything else in comparison. To 
show that this is quite a misconception, enough has been now said. 

Benares College^ j ^ 

3i,y/ Jnly^ 1851. / 


THE FOLLOWING IS A TRANSLATION OF THE 
SANSKRIT PREFACE. 


That intelligent persons should differ in opinion on any matter of importance 
is cause of regret. It is another cause of regret that intelligent persons sliould 
imagine that they differ in opinion where they really do not differ. ITow 
much of useless altercation or of unjust censure is likely to result from such 
mutual misapprehension, it would be superfluous to insist upon. It can ne- 
ver be an unworthy aim to endeavour to remove any mutual misapprehen- 
sion which tends to make even two individuals think unworthily of one ano- 
ther : how much less so', then, where the mutual misapprehension exists be- 
tween two great sections of tlie earth’s inhabitants. The attempt is one in 
Avhich even to have failed may he no disgrace. 

The Hindus have an ancient literature which they cherisli with affectionate 
pride. In this they do well. Europeans have a literature for which the praise 
is claimed that it is daily adding to the iritellcettiHl w'ealth of irnankind. If 
Europeans regard their literature, in this aspect, with an’affectionate pride, 
they also do well. But if the European, not rightly ])erceiving how the Hin- 
du is asserting some unquestionable truth, in phraseology to which the Euro- 
pean is unaccustomed, shall condemn the Hindu as asserting an error, he un- 
knowingly commits injustice; ami the Hindu is liable to commit the like in-' 
justice in return. This liability to mutual misapprehension being very undesi- 
rable, it is desirable that a remedy for it should be devised. 

As two opposite opinions cannot both be right, and as there can be no good, 
and there may be much harm, in holding a wrong opinion, it is reasonable 
that intelligent men, when they differ in opinion, slmuld amicably discuss 
their difference. This, however, cannot be satisfactorily done unless they 
clearly apprehend what their difference amounts to ; and, as a difference 
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commences where agreement ends, it is desirable in every cAse to determine 
U8 accurately as possible how far the agreement extendsf in order that we 
may not be liable, in the heat of argument, to dispute about that which is 
not a matter of disagreement. 

Having resolved, therefore, to attempt to determine the e;?ttcnt of agree- 
ment between European aud Indian tliiiikers, it became a question what ex- 
position should be assumed as most fully and fairly representing the senti- 
ments of the Hindus, There was no difficulty in selecting the Nyaya in the 
first instance, because this system of philosophy, while it adverts, in some 
way or other, to all the topics considered in the other systems, takes cogni- 
zance also of various matters which the other systems disregard. Although 
other systems of philosophy, besides the Nyaya, are accepted in India, 
yet it suffices if we determine how far the sentiments of Europeans 
accord with those of the Nyaya, because, if a reader knows what relation the 
Nyaya bears to the Sankliya or the Vedanta, with which he holds the Nyaya 
to be reconcileable, be must understand the relation of European philosophy 
to each of the other two if he understands its relation to this one. He who 
already knows the relative bearings of the three great places of pilgrimage, 
Kdsit Gaydt and Praydga, should be able to estimate the hearing of the 
second and third of these in respect of any fourth city, if he knows how' that 
city lies in respect of the first. 

In the first book of his Aphorisms, GA UTAMA lays down the plan of the whole 
Nyaya system. The reader to whom the present work is addressed is supposed 
to be conversant with the first book of the Nyaya Aphorisms. Such a reader 
will at once see liow far we agree with Gautama, and in regard to what points 
we differ from him. It has been tliougbt advisable that, after determining 
thus much, we should then, instead of discussing the points of difference, rather 
go on to the development of the points of agreement, in the hope that, in 
The course of such an enquiry, the points of difference may either disappear or 
may have such light thrown upon them tliat we may be the better prepared to 
deal with them. 

It lias been the endeavour throughout to make the exposition as simple as 
possible, but the reader who is unacquainted with European literature must not 
be surprised if he meets here some things hard to understand. Almost every 
treatise on any novel topic requires to have light thrown upon it by an oral 
instructor. The reader, therefore, where he does not clearly see the seiUe,- 
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will do well to enquire of some one competent to explain and illustrate, 
rather than lay aside the book with the conviction that it is unmeaning be^ 
cause the meaning is not at once everywhere clear to him. It is in particular 
difficult to convey, by means of words alone, an adequate conception of such 
facts as can be best exhibited by experimental illustration. 

The reader, if he be, as is not improbable, fond of abstract speculation, 
such as is found in the logical sections of the Nyaya, ought not to regard 
with impatience the discussion of facts in regard to the properties of material 
things, to which we have seen fit to devote the 2nd Book, because, unless we 
have an ample body of recognised fac^s, it is impossible properly to exemplify 
and justify the logical processes of scientific enquiry which will furnish the 
subject of a future Book. If, on a hasty glance, it should seem to him that 
the discussion of wheels and hammers and ropes is beneath the dignity of phi- 
losophy, we would remind him that his own revered teachers of Astronomy 
give to the learner his first conceptions of the arrangement of the heavens by 
means of an armillary sphere formed of little hoops of bamboo, and that the In- 
dian logician has not disdained to study the wheel of the potter, though he ha* 
wot yet learned from it all that it is qualified to teach. 
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SYNOPSIS OF SCIENCE. 

Glory be to God ike Most High ! 

Having long pondered the import of the Aphorisms of Gauta- 
ma, I coaipose a treatise, on a new plan, showing to what extent 
sentiments of the English coincide with those of Gautama. 
Through the divine favour, may this work of mine, the result of 
not a little labour, treating of man}?^ matters in few words and 
yet plainly, prove acceptable to the intelligent.* 

It is agreed alike by tlie learned of India and by the learned 
of other countries that the Chief End of Mant is not to be 
attained without a knowledge of the trutli in regard to our souls 
and other things wdiich it is desirable should be rightly known. 
Those, therefore, who aim at the Chief End of Man are bound to 
strive after the attainment of right knowledge. 

The attainment of knowledge pre-supposes the possession of 
instruments adapted to its attainment ; therefore, proceeding to 

* As all Sanskrit books commence with an invocation or a benediction , 
suggesting in some measure the subject of the work, the evamplc has been 
followed in the present instnnec. 

t This expression of the Westminster cateehisin corresponds verbatim with 
the Sanskrit expression parama-purvsh^-drl hn , 
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consider these instruments^ we give them the first place in the 
enumeration^ here following, of the topics which we propose to 
consider in succession. 


BOOK I . 

SECTION I. 

THE END OF THE PROPOSED ENQUIRY. 

Aphorism /. 

Since a knowledge of the truth is conducive to the attainment 
of the Chief End of Man, wc propose to enquire into tlic truth 
respecting (I ) our instruments for acquiring knowledge, (2) the 
objects to wliich tlicse are applicable, (3) the state antecedent to 
knowledge, viz., doubt, (4) the motives for passing from the state 
of doubt to that of knowledge, (5) data to start with, whether 
popular or (6) scicntilic, (7) the steps in explicating from data 
what is implied in them, (8) the method of confuting error, so 
as to arrive at (9) certainty, (10) the nature of fair debate, (11) 
of wrangling, (12) of cavilling, (13) of fallacies, (14) of dis- 
ingenuous artifices, (15) futile oppositions and (IG) unfitness to 
be reasoned witb,''* 

a, A Hindu reader will expect that we should liere state 
formally the replies to four questions, — viz. — What is the object- 
matter of the work ? — Wliat is tlic motive for reading it ? — AYIiat 

* In our first aphorism we depart from Gautama thus far, that whereas he 
declares tlie attainment of the Chief .End of Man to result necessarily from a 
knowledge of the trutli, we on the other hand regard knowledge as merely 
oonduoing to its attainment. What may he requisite in addition does not Iiere 
fjaU to bo considered. 
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is the relation between the object-matter and the work ? — and — 
Who is the reader to whom the work is addressed ? To these 
questions we thus reply : — The object-matter is whatever truth 
we have got to tell in regard to the topics above enumerated ; — 
the motive for reading it is supplied by the knowledge of truth 
that may be found in it^ — knowledge of trutli being presumed 
conducive to the attainment of the Chief End of Man ; — the rela- 
tion betvv^een the object-matter and the work is that of a com- 
munication and its communicator ; — and the reader to whom the 
work is addressed is he who^ being devoid of malice, wishes to 
know whatever of truth we have got to tell him, 

h. As the knowledge of truth is not directly, but mediately, 
conducive to the attainment of the Chief End of Man, the next 
aphorism declares the order of the steps through which it con- 
« '’.uces to that end. 

*1^ ..P 

Aphorism II. 

The Chit?f End of Mail is to be attained not without the remo- 
val of such False Notions as lead to those Emotions from which, 
in our present Life, arise Actions such as lead to misery.* 

a. What we mean to say is this, that there do exist cri'oneous 
notions of various kinds ; and these give rise to improper feel- 
ings, such as covetousness or envy ; and these lead, in this life, 
to wicked actions ; and these in their turn lead to misery. Now 


* 111 this aplioriswi whilst retaining, for futnre reference, or suhsfcitutiog 
equivalents for, the terms iu Gautama’s 2(1 aphorism, wc diKSseut from him in 
so far as we do not hold tliat all emotions tleservc* tlie name of faidts {dosha)., 
nor that a man’s being horn into tlu^ world is tlio (’onscnpicnee of his actions 
in any previous life, nor that tlic removal of false notions will nvccssarilv 
and of itself lead to beatitude. W(‘ agree with ]»im onlv rims lar that the 
removal of false, notions is conducive to the end dcsirf'd, so fa; ioriii as thcit 
cxisieiK'e places obstacles in tlie wav of its attainment 
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true knowledge puts an end to erroneous notions ; and, unless 
these depart, the improper feelings which they produce will not 
depart;' and, unless these bad feelings be removed, the wicked 
actions which, in this life, arise from them, will not depart ; and 
uidess wicked actions be done away with, the misery which these 
entail w ill not cease ; and the Chief End of Man is incompatible 
w i t h the CO n t i 1 1 u ance o f ni i s cry. 

Ih Now, since a definition will ])e looked for, of each of the 
things enunciated in tlie 1st aphorism, in the order of eniiuci- 
atioM, ^YC |)roceed to define and to divide the instruments in the 
acquisition of knowdedge — these being what wmre first enounced. 


SECTION II. 

THi: INSTRUMENTS AVAILABLE IN PROSECUTING 
TOE ENQUIRY. 

Aphorism III. 

Our instruments adapted to the attainment of right knowledge 
are (1) the deliverances of sense, and (2) the rccognitionof signs 

a. The name of a proof is also given to Avhat is here termed 
an instrumciit adapted to tlic attainnient of right knowledge or 
kuovvledgv^ of the trutli. AVc divide what is so termed into 


* It will b(' observetl that: whilst \vc hold tliat evil deeds lend, in the dispen- 
sations of Providen(‘e, to the evil of tlie doer, and evil deeds arise from evil 
Incrinations, yet we tlo not; sav that all evil inelinations arise from erroneous 
notions. Whether that he tlie case or not, \vc are not now enquiring. We 
agree with Gautama only thus far—tliat wliatevcr evils arc due to a false notion 
may he expected to continue until the removal of that false notion in which 
tliev take their rise. 
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two — the same to which are usually given the names ot Percep- 
tion and Inference. 

h. But then some one may ask, — Since Testimony and Com- 
parison also arc instruments by means of which we acquire right 
knowledge, how comes it that you say tliere are only two* such 
instruments ? To this we reply, — that Testimony is not a sepa- 
rately co-ordinate instrument of knowledge, because it is just 
the instrument of an inference (or, in other words. Testimony, 
when received in evidence, is the recognition of a sign’’) where 
the sign is an assertion. So again, Comparison (or the ascertain- 
ing that an object never previously beheld by us is so and so, 
because it resembles some well-known object which we had heeii 
told that so and so resembled,) is nothing else than inferring — in 
reliance on testimony. Hence we hold tliat there are only two 
' io-ordinatc divisions of proof. 

(\ We proceed to define the instruments of knowledge, as 
thus bi-partitcly divided, in their order. 

Aphor'mn IV. 

By a deliverance of sense is meant the knowledge winch lias 
arisen from the contact of an organ of sense with its oliject. 

a. Tliat is to say, — that instrument of correct knowledge 
which arises from the contact of an organ of sense with its ob- 
ject is a deliverance of sense, or a sensation — such as that of 
Sight for example. 


Gautama holds tliat we have four instruments for acquiring knowledge. 
Kupila, the founder of the Sdnkhi/a school does not recognise (himparison as 
co-ordiinite with the others ; ami Kandda, the founder of the Vais' eshika 
schoolj recognises only two members in the first division, giving the reason 
winch we have adopted above. 
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b. Next we have to 
a sign.’ 


define and divide the ' recognition of 
Aphorism V, 


Now the recognition of a sign, which is preceded thereby, is 
of three kinds, (1) having (as the sign) the prior, or (2) hav- 
ing (as the sign) the posterior, or else (3) consisting in the per- 
ception of hoinogeneousness, 

a. In saying ^ preceded thereby’ we mean preceded by a de- 
liverance of sense’ ( — for else the recognition of the sign w^ere 
impossible). 

h. The inference is said to be a priori (or, in otlier words, the 
instrument of our knowledge involves something prior to what is 
thereby known,) when an elfcet is inferred from its cause ; as 
wdien, from the rising of clouds, it is inferred that there will be, 
rain. 

c. The inference is said to be a posteriori (or, in other words, 
the instrument of our knowledge involves something posterior to 
what is thereby known,) when a cause is inferred from its effect ; 
as when, on seeing that the water of a river is changed in colour 
from what it 'was before, or that the channel has become full, or 
that the stream runs more rapidly, wo infer that there has been 
rain. 

ch The inference is said to ho from analogy (or, in otlier wmrds, 

^ the perception of homogeneousness’ is the instrument of our 
knowledge,) wlien, for example, on seeing somewhere a mango- 
tree in blossom, we infei: that the mango-trees in other places also 
are blossoming. 

e. Although w e do not hold Comparison and Testimony to be, 
as proofs, co-ordinate with the foregoing, wc shall follow Gauta- 
ma’s order, in now describing them, so that the reader may 
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kuow what cases of inference these two are. First, then, Com- 
parison, as defined by Gautama, is as follows. 

Aphorism VI, 

The ‘ recognition of likeness’ is the instrument in the ascer» 
tainiug, of that which was to be ascertained, through similarity 
to something previously well-known. 

a. That is to say, — as when a man, having been told that the 
animal called the Bos Gavaeiis is like a cow, recognises the Bos 
Gavaeus, on first seeing it, from its likeness to a cow, so in other 
eases wlierc certainty is arrived at through tije recognition of the 
resemblance of anything to soinetliing previously well-known, 
the instrument of knowledge, according to Gautama, is Compa- 
rison {^tipamdna), 

'A. Testimony is defined by Gautama as follows. 

Aphorism VII, 

Testimony (as an instrument of right knowdedge) is the word 
of one worthy (to have his w ords implicitly accepted as an autho- 
rity). 

a. Testimony is divisible as follow s. 

Aphorism VIIL 

It is of two kinds, in respect that it may be ‘ that whereof the 
matter is seen’, or • that whereof the matter is 0080011.’ 

a. By the ' it’ is meant testimony. By the testimony, or ver- 
bal expression, ^ whereof the matter is seen’ is meant that speech 
the thing referred to in which is here patent to the senses, —as 
wdicn the river Ganges is wdiat is spoken of. That speech, the 
things referred to in which are not here patent to the senses, is 
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winit we mean by that whereof the matter is unseen/ — as is the 
case when Paradise or tlie like is spoken of.* 

/>, ]lere_, for the present^ we quit the topic of the instruments 
available for the attainment of correct knowledge. 

c. i\s it will be expected that we should next consider wliat it 
is to whicli thcs(' instrnincnts are applicable, we now tvirn to tlie 
topic of the object H of cognition. 


SECTION ITT. 


TllK OlkIKCTS ABOt T WinClI TIIK ENQUIRY IS CONCERNED. 

(L \Vc divide and define as follows the objects concerning^ 
which it is desirable tliat we should have riglit notions. 

Aphorism IX, 

Son], body, sense, scnse-oliject, understanding, the mind, evil 
deeds, evil passioirs, mniidane life, retribution, pain, and tlie 
Chief End of .Man, — sueli are the objects concerning which it is 
desirable that we slionld have right notions. f 

^ a. Among these olijects, the one first enounced, viz. Soul, 
may be thus detined. 


* In other worth, assertions are of two kinds — where the thing asserted is 
open to verification hy the senses, and wdierc it is not. 

t Here, we depart from Gautama, in substituting ‘ evil deeds’ for * activity’ 
(which, as before remarked, we do not allow to be essentially favdty), — ' evil pas- 
sions' for ' faults,’ under which head Gautama lumps all the emotions, good or 
l)ad,— and ‘ auindane life’ for ‘ transmigration/ of wliich more anon. 
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Aphorism X, 

Desire, aversion, volition, pleasure, pain, and knowledge, arc 
the sign of the Soul. 

a. The word ^ sign^ here means a characteristic mark — or that 
whereby such and such an object is recognised. 

h. Next in order we have to define the sense of the terai Body. 

Aphorism XI, 

The body is the site of muscular action, of the organs j^of 
sense], and of the sentiments [of pleasure or pain experienced by 
the soul]. 

a, ^ Muscular action’ [chesh(d) is that species of tiction which 
originates iu voluntary effort [prayahia), 

* b. The ^ organs [of sense]’ are the Sight &c. 

c. The ^ sentiments [here spoken of]’ arc pleasure and pain. 

d. The meaning is this, that the body is the site of all these ; 
and that each of these severally, viz., the being the site of mus- 
cular action, &:c., is a characteristic of the body. 

e. Now we have to divide and define the ^organs/ which next 
present themselves. 


Aphorism XU. 

The organs [of sense], viz., the Smell, the Taste, the Sight, the 
Touch, and the Hearing, are what apprehend the qualities of 
the Elements and of things formed of these. 

a. Which are those ^ Elements’ shall be considci ed pre - 
sently. We mean here, when we say that the organs of sense 
are what apprehend the quaiities of these external thing^^, that 

B 
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each organ is distinguished by its apprehension of its own parti- 
cular object [ — the Sight apprehending colour;, the Hearing hav- 
ing sound for its object;, &c.]. 

d* As we shall be asked what we mean by the ^ Elements’ 
we reply : — 

Aphorism XIII. 

The Elements are Gold &c.* 

a. Whether ‘ earth are entitled to the name of ^ Elements 
{bhuta) we shall consider in the sequel. 

h. We have now to divide and define ^ Sense-object,’ which 
presents itself next in order. 

Aphorism XIV. 

% 

Their objects are the qualities of the Elements and of things 
formed of these, — meaning the qualities odour, savour, colour, 
tangibility, and sound, 

tt. By the ‘ Elements’ we mean Gold &c., meaning by the 
^ &c,’ various things that will be spoken of in the sequel. The 
qualities, here referred to, of these various objects, are odours 
&c., — these being the objects of the senses, 

h. We proceed to define ® understanding.’ 


* Here we are constrained to forego the employment of the language of 
Gautama, who says that “ Earth, Water, Light, Air, Ether,— these are the 
‘ Elements (bhuta). What may be said for and against the theory that there, 
are flYe special substrata for the qualities which affect the five senses, we may 
have occasion to consider further on. In the mean time, to denote ‘external 
things' we may employ the term hhutddi, i. e., ‘ the elements meaning 
by the * &c,’ whatever is compounded of the elements. 
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Aphorism XV, 

Understanding {biiddhi)^ apprehension {upalabdhi), knowledge 
{jndna)i — these terms are not different in meaning. 

a, ^ Not diflerent in meaning’ — i. e. synonymous. 

b, ^ Next we have to characterise the Mind. 

Aphorism XV/, 

The characteristic of the Mind is this, that there does not arise 
[in a single Soul] more than one cognition at once. 

a, ^ At once’ — i. c., simultaneously. Of course you must sup- 
ply ‘ in a single soul.’ 

b, The sense of the Aphorism is this, that the sign, or charac- 
teristic, whereby we recognise the mind (or the internal organ 
of the Soul), is the habit in virtue of which more thoughts than 
one do not occur at once.* 

c, W e have next to define Activity. 

Aphorism XVII, 

Activity is that which originates the [cognitions of the] under- 
standing and the [gestures of the] body. 


* The English reader who is accustomed to hear the words Soul and Mind 
employed interchangeably must avoid all such laxness of phraseology when 
speaking with a Hindu metaphysician. We shall have occasion in the sequel 
to compare the opinion of Gautama with that of Dugaid Stewart respecting 
the non-simultaneousness of cognitions. Meantime let it be carefully remem- 
bered that the cognizant principle is here spoken of as the Soul, and that the 
term Mind {manas) stands for the ‘ internal organ/ or faculty, which ministers 
to the Soul — or Self— as the ‘ external organs' also minister to it. 
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a. Thus cictivity [pravritii) is of two* sorts^ through its set- 
ting the Uiulerstanding to work or the Body. 

ft. It is also divisible into two kinds through the distinction of 
proper and improper.! 

c. We have now to define the Passions. 

Aphorism XVIIL 

[The Passions] Desire &c. have this characteristic, that they 
achiate.J 

a. ‘ That they actuate’ — i. e., that they arc causes of Activity. 
De di’o&c., arc what are distinguished by being such. The mean' 
irig (>r the ^ &c.’ will be told in the sequel. 

ft* Wc Inivc now to define mundane life. 

Aphorism XIX* 

LMu iidane] life is the union of the soul with such bodies as we 
have hcre.§ * 

Gar.tnma makes it of three sorts, hoUling that to be a separate kind which 
originate s the utterances of the voice. This we look upon as beiwg included 
under the second head. 

i With this distinction Gautama, for reasons given in oiu* version of the first 
book of his Aphorisms, is not concerned. Not agreeing with him that all Activity 
is to he cscliewed, we are called upon to mark the distinction. Of this more anon, 

X Gautama, holding that all Activity ought to be eschewed, gives to all the 
passions, good and bad alike, the common name of ‘ fault^s’ or ‘ failings’ (dosha)* 
Not being Quietists, we cannot follow him in this. We have modified the 
\ pit o r i 8 m a ee o r d i n gh' , 

§ Gaufama defines life as a state of transmigration. This vietr we do not 
adopt. Our own definition is not at variance with Gautama’s view, although 
w< demur to the proposition that every one who is now born has been borfi 
ngtiin and jt<>:ain* 
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We have next to define the fruit of actions, or lietribution. 

Aphorism XX, 

The fruits of our actions are those things [whether pleasurable 
or painful] which are the consequences of our Activity. 

a. That is to say, retribution is the experiencing of the plea- 
sures or the pains which result from Activity properly or impro- 
perly directed. 

b. Pain is next to be defined. 

Aphorism XXL 

Pain is that which is in the shape of vexation, 

a. That is to say, pain is that which is recognised by distress 
or* annoyance. 

b. We proceed next [not to define but] to show the Chief 
End of Man in conjunction with its cause. 

Aphorism XXIL 

The Chief End of Man is to be attained through the grace of 
God. 

a Here we quit the topic of the definition of the things egn- 
cerning which it is desirable that we should entertain right no - 
tions, 

b. Now the bare enunciation and definition of the Objects;, 


* Gautama defines the Chief End of Man to consist in absolute cmaneipa" 
tion from pain and joy alike. For the discussion which that definition is calcw ’ 
lated to provoke, this is not the place, 
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concerning which it is desirable that we should eatertaiu right 
notions, does not ensure a correct knowledge and belief of them. 
Demonstration may be needed ; and this is preceded by Doubt* 
We have now therefore to define the state intermediate between 
hearing and believing — or Doubt. 


SECTION IV. 


COMPLETING THE TOPIC OF THE PRE-REQUISITES 
OF REASONING. 

Aphorism XX111\ 

Doubt is [what results] from the perception of a sameness, 
[conjointly with] the non-pcrception of a diSerence, and the 
remembrance of a difference.* 

a. That is to say, — Doubt arises M’roin the perception of a 
sameness/ — i. e., from the apprehending of some concrete object 
which possesses characters cominon to it with other objects ; and 
‘ from the non-perception of a difference’— i. e. from the not dis- 
cerning any cliaracter such as distinguishes the object from all 
other objects ; — and ^ from the remembrance of a difference/ — i. e., 
from the taking into consideration some special character — such 
as the fact of being a post or the firct of being a man— [the re- 
membrance of which alternatives keeps up the doubt so long as 
there is nothing to enable us to decide, in the dusk for instance, 
whether the object which appears to be of the height of a man is 
a man or a post]. 

* We have takeu this (iefinitioa from Kandda (2d Lecture), because 
it IS simpler than that given by Gautama, in regard to the interpretation of 
whose 23d Aphorism (—See the English version—) the commentators are not 
agreed. 
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h. Now, since one makes no effort for the removal of doubt in 
the absence of a motive, we have next to define a Motive. 

Aphorism X XI V. 

That thing which, when placed before us, causes us to act, is a 
Motive. 

a, ^ Placed before us’ — i. e. proposed to us. So the mean- 
ing is this, that a motive is an object of desire, which [ — 
whether the desire be to obtain it or to escape it — ] is the cause 
of our acting. 

A, But, in every enquiry, to reach the unknown \ve must start 
from the krioivn ; — there must be data. The knowledge wdiich, 
in any enquiry, we may treat as requiring no demonstration, is 
either popular — being that on which the unlearned and the learn- 
ed are at one ; — or it is scientific — belonging to the schools. First 
then we have to define a popular datum or ^ familiar case of a 
fact.^ 


Aphorism XX V, 

In regard to [some fact respecting] what tiling both the ordi- 
nary man and the acute investigator entertain a sameness of opi- 
nion, that [thing] is called a ^ familiar case’ [of the fact in ques- 
tion], 

a. Here, by ^ the ordinary man’ we mean the one who stands 
in need of instruction, and by the ^ acute investigator’ one compe- 
tent to instruct him. Whatever thing they entertain a ^sameness 
of opinion’ — i. e,, no difference of opinion — regarding, that thing 
may serve as a ‘ familiar case’ {drishtdnta) in regard to any fact 
that may be under discussion. So, what w e mean to be under- 
stood by a ^ familiar case of a fact’ is anything in regard to which 
both the parties in a dispute are agreed that there is no doubt, — 
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as^ for example, in proving that there is fire in such and such a 
place, the culinarij hearth will be accepted by every one [in India] 
as a familiar ease of a locality where there is alw^ays fire ; and in 
proving that there is not fire in such and such a place, a deep lake 
will be admitted to be a familiar case of a locality where fire is 
not to be met wdth. 

/>. Here closes the topic of the pre-requisites of reasoning 
I — for, although scientific data— see Aph. 24. 5, — are available, 
in the schools, as premises, yet they were first established by a 
process of argumentation]. 

c. We have next to define a scientific tenet.' 


SECTION V. 

OF PROPOSITIONS, NOT FAMILIAR, THAT MAY BE EMPLOYED 
IN REASONING WITHOUT REQUIRING TO BE EACH 
TIME DEMONSTRATED. 

Aphorism, XXVL 

A ^ tenet’ is that, the steadfastness of the acceptance of which 
rests on a treatise [of weight and authority]. 

a. That is to say, — a tenet is an assured conviction in respect 
of some matter wdiich has been determined in some system. 

h. We have nest to divide [the tenets’ thus characterised 
generally]. 

Aphorism XXVIl. 

[Tenets are divided into the species that are described in the 
succeeding aphorisms] through the difference between a ^ Dogma 
of all the schools,’ a ^ Dogma peculiar to some one or more 
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schools/ a ^ Hypothetical Dogma/ and an ' Implied Dogma/ 

a. Thus scientific tenets are of four kinds. First then we have 
to define a ^ Dogma of all the schools’ [sarva-tantra-^siddhdnta). 

Aphorism XXVII I. 

That [position or tenet] which is not in opposition to any of 
the schools, and which is advanced [as a tenet] by [at least] some 
one school, is [what we mean by] a ‘ Dogma of all the schools/ 

a. Such a tenet of all the schools, or of all systems of doctrine, 
is the fact that odour is to be apprehended by the sense of smelly 
and so on. 

h. We have next to define a ^ Dogma peculiar to some schoo/ 
{pratiAantra-siddhdnfM ) . 


Aphorism XXIX* 

That [position] which is [held] established in the same school, 
and which in another school is [regarded as] not established, is 
[what we mean by] a ^ Dogma peculiar to some school/ 

a. By ^ established in the .mme school’ wo mean established 
in one school and not in another. A dogma is said to be of this 
kind — or sectarial, not catholic — when it is accepted by only one 
of the parties in a dispute. Such, for example, is [at present] the 
European tenet of the earth’s motion. 

b. The next to be defined is the ‘ Hypothetical Dogma' 
{adhikarana-siddhdnta ) . 


Aphorism XXX, 

That, if which be [held] established, [ — and not otherwise — J 
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there is the establishing of aaother point, is [what we mean by] 
a ^ Hypothetical Dogma.^ 

a. The meaning is this— -that, that position [ — for which no 
evidence is otlered in the first instance — ] is a hypothetical dog- 
ma [or hypothesis] only on the establishment of which taking 
place [ — by its being conceded — ] does llic establishment take 
place of another proposition under consideration. For exam-* 
pic, — you can establish that God is (ymniscient only when you have 
established timt the world was produced [ — for unless this be 
conceded, it is in vain to argue that the world farnislies any evi- 
dence of the omniscience of producer ]. 

h. Lastly we have to dcfhic an ^ Implied Dogma’ {ahhyupaga* 
Tna-siddhdnta), 

Apluwism XXX I. 

The mention of some particular character [whiclt mention, by 
the leader of a school, could have arisen only] from Ids having 
held some opinion which he has not anywhere explicitly declared, 
determines an ^ Implied Dogma.’ 

a. That is to say, — an ^Implied Dogma’ is determined by 
tlie mention of some particular fact, by wdiicli we arc made aware 
that the teacher held some opinion which he did not explicitly 
dcplare. Thus, for example, Gautama [by speaking of tlie 
Mind as one of the instruments of knowledge] implies that he 
reckons the Mind among the organs [of the Soul, altliough he 
nowhere explicitly lays down tlvis tenet, which is a tenet not held, 
for instance, by the followers of the Sdnkluja school]. 

Here ends the topic of the definition of ^tenets’ that take 
their place in argumentation. 

We have next to divide— previously to defming—the Mem- 
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hers [of a demonstration] which present themselves next in or- 
der [of the topics enumerated in the first aphorism]. 


SECTION VI. 


THE METHOD OF ARGUMENTATIVE EXPOSITION. 

Ap}i orisni XXXIL 

The members [of a demonstration] arc (1) the PropositloiH 
(2) the IleasotG (3) the Example^ (4) the Application, and (5) the 
Conclusion. 

Now we have to define tlic Proposition {pratijnd)^ 

Aphorism AAbY 111. 

The Proposition is the declaration of what is to be established. 

a. That is to say, — the member [of an argumentative expo- 
sition] in which we state wliat we iutend to prove, is the Proposi- 
tion* For example — The Earth is in the form of a globe,” is a 
Proposition [ — wdiat we licrc undertake to prove of the Earili 
being its glohidariiy\ 

h. Wo shall next define, and, by [reference to] the two 
subsequent aphorisms, divide, the Ileason [Jtetn), which presents 
itself next in order [of tliosc enumerated in Aphorism 32], 

A phorism XXXIF. 

The Reason is the means for the establishing of what is to be 
established ; [and this force it may derive eillicr] from the Ex- 
ample’s having a character which involves another, or [conversely] 
through the Example's wanting a character the want of which 
involves the absence of another. 
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a. Here the generic definition is this — that ^ the Eeason is 
the means for the establishing of what is to be established.’ 
That a Eeason may be of tioo kinds, is declared in the assertion 
that it derives its force as an argument, (1) from the Example’s 
having a character which involves another, or (2) from the Ex- 
ample’s wanting a character the want of which involves the 
absence of another. 

b. The ^ having a character which involves another’ [sadhar^ 
my a) is what is also spoken of as ^ Agreement’ {anwaya^) — 
meaning thereby ^ the fiict of some positive character’s being in- 
variably attended by some other.’ Thus then the Member [of 
an argumentative exposition] which [Member, or Minor Pre- 
miss, as well as the Reason, which it sets forth] is also technical- 
ly spoken of as ^ the Keasou’, may be that which propounds a Eea- 
son which stands in relation to a Universal Affirmative. For ex- 
ample, [we may assign as a Eeason for the Proposition that 
‘ The Earth is a globe’] the assertion — ‘ Because its shadow [on 
the Moon] is [invariably] circular’ — and [tliis we may allege as 
standing in relation to the Universal Affirmative that] ‘ whatever 
has an invariably circular shadow is seen to be a globe, — as is 
the case with a billiard-ball, for example.’ 

c. The wanting a character the want of which involves the 
absence of another’ {vaidharmya) is what is also spoken of as 
* Disagreement’ {vyatireka ),^ — meaning thereby ^ the fact of 
some given negative character’s being invariably attended by the 
negation of some other character.’ Thus then the Member 
termed ^ the Reason’ [or Minor Premiss] may be that winch pro- 
pounds a Reason w hich stands in relation to a Universal Negative. 
For example, wc may assign as a Eeason, in support of the fore- 
going Proposition, the same assertion as before — viz., ‘ Because 
its shadow is invariably circular,’ and [this we may allege as 
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standing in relation not as before to a Universal Affirmative but 
to the following Universal Negative, viz*,] ‘^Nothing which is 
not a globe casts invariably a* circular shadow/’ — as a post, for 
instance. 

d. We have now to define the ^ Example’ which presents it- 
self next in order [of those enumerated under Aru. 32]. 

Aphorism XXX V, 

The Example is some [undisputed] ' familiar case of a fact’ 
[see Apii. 25], which, tlirougli its having a character which is 
invariably attended by what is to be established, establishes, [in 
conjunction with the Reason ] the existence of that character 
which is to be established. 

a. When we employ the term ‘ Example^ to denote that third 
Member of a demonstrative exposition in which the actual Ex- 
ample is propounded, we mean by the term ‘ Example’ that [Ma- 
jor] Premiss which causes us to admit tlie Subject’s possession 
of what is to be proved, this being seen to follow from the pos- 
session of the instrumental mean [Avln'ch we have already spoken 
of as tlic ^ Reason’], For example — when it is alleged tliat every 
thing which invariably casts a circular sliadow is globular — ‘ as 
is a billiard-ball,’ [which invariably casts a circular shadow, — 
the recognition of this fact causes us to recognise the glGbiilarity 
of the Earth — the Earth having been already allowed to possess 
the character of invariably casting a circular shadow]. 

b, [But the ^Example,’ as already remarked, may be of two 
kinds; so that] we Iiavc now to define the Example in which 
some two given characters [instead of being both present] are 
both absent. 

Aphoy'ism A'AWJ T. 

Or the Example, on the other hand, wanting some character 
the want of which involves the absence of some given character. 
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[may co-operate in establishing what is to be establishetl] by a 
process the converse* of that [declared in the preceding aphor- 
isin]. 

a, ^By a process the converse of that’ — i. e. by exhibiting 
the invariable absence of the alleged Reason where there is the 
absence of what is to be established. And thus an Mixample 
of concomitant negatives’ {vyatirekyuddharana) meaii-s one which 
[ — conveyed in a Major Premiss consisting of a Universal Nega- 
tive — ] declares the invariable absence of the alleged Rea- 
son where there is the absence of the character the presence of 
which we wish to establish. For instance — ' Nothing which 
is not a globe casts invariably a circular sl»adow, — as a post, for 
example, [ — or as a circular disc, which, not being a globe, does 
not invariably cast a circidar shadow, though it may do so in 
certain positions]. 

b. We have now to dermo the ‘ Application’ {apiDiaya) which 
presents itself next in order [of those enumerated in Aphorism 
32 ], 

Aphorism XXX VI L 

The ^ Application’ is the re-statemeut of that in respect of 
which something is to be established, — this re-statement declar- 
ing it to be sv or not so^ as regards tlic ^Example.’ 

a. By * that in respect of which somethitig is to be establish- 
ed,’ wc here mean the Subject of the Proposition. By the ^ re- 
statement as regards the Example/ we mean that Member [of an 


^ Til is refers to the conversion by negation ; or, as it is commonly called, by 
contra-position,'^ of which Whately speaks in his Logic, B. IT. ch. 2d. § 4., 
remarking that every Universal Affirmative may “ be fairly converted in this 
way'* e, y., Every poet is a man of genius; therefore He who is not a man 
of genius is not a poet (or, None but a man of genius can be a poet”). 
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argumentative exposition] in which the Subject is declared to 
agree with the Example, or to differ from it, as far as regards the 
question ill hand. This re-statement may assume two forms ac- 
cording as the Example is direct, or negatively converse. The 
re-statement of the Subject takes the form of — ^ And this is so’ 
— when the re-statement has reference to a direct Example. 
Thus the re-statement may be ^ And this Jilarth is so, [ — when 
the Major Premiss involves a direct Example, — i. e., when it 
runs thus — ^ Whatever is possessed of a shadow invariably circu- 
lar is a globe — as a billiard-ball is’]. The ro-statement in regard 
to the Subject takes the form of And this is not so/ — when the 
rc-statement has reference to a negatively eorivcrsc 13xample. 
[Thus the rc-statement may be ‘ And this Earth is not so’ — when 
the Major Premiss involves a negatively converse Example ; — i. e., 
when it runs thus — ^ whatever is not globular is not possessed of 
a ■shadow irivarialily circular, — as a post, for example/ — but ^ this 
Earth is not so,’ for the Earth has a sliadow invariably circular]. 

b, AVe have now to derinc the Conclusion’ [nu/amana), 
Aphorrsyn XAXVJJl. 

The ^ Conclusion’ is the rc-statement of the Proposition’ [as 
being now authorized] by the mtmtion of the ^ Reason/ 

it, Tlie ‘ inentioii of tlic Reason’ — i. e. the niention [ — in- 
volved in the steps between the Proposition and the Conclusion — ] 
of a character of the Subject hie h is distinguished by being in- 
variably attended [by that Avliich "we wish to establish]. This 
rc-statement of tlie Proposition — authorized tlicreliy — constitutes 
the Member [of an argumentative exposition] which wo mean 
by the ‘ Conclusion.’ For example, [our conclusion may he] 

" Therefore [ — i. e. for that Reason — ] the Earth is a globe/ 

b. Here concludes the topic of the method of argumentative 
expositiorn 
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c. But, thus far, we have been shown an arraaigement for 
hearing only one side of the question, and how can we be sure 
that the opposite is not the right -one ? Before making up our 
minds we must hoar both sides. Next, therefore, before defin- 
ing " Ascertainment* we have to define the Confutation’ {tarJca) 
of objections. 


SECTION VII. 

CONCLUDING THE TOPIC OF DEMONSTRATION, 
Aphorism X2\YIA\ 

^Confutation’ — [wliicli is intended] for the ascertaining of 
the truth in regard to any thing the truth in regard to whicli is 
not thoroughly discerned — is reasoning from the presence of the 
reason [wliicli would not be present if that whicli is to be esta- 
blished were not present]. 

a, [In other words, the confutation of him who denies the 
conclusion of a sound argument while he admits the premises, 
consists in our directing him to look at it from an opposite point 
of view. To one who admits that the Earth’s shadow on the 
Moon is invariably circular, and that what casts a shadow in- 
variably circular must be a globe, but who still hesitates to 
admit that the Tlarth is a globe, we remark] — for example — "" If 
the Earth were 7?ot a globe, it would not have a shadow invari- 
ably circular.’ 

We have now to define ^ Ascertainment’ {niruaya) which 
presents itself next in order. 
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Aphorism XL, 

* Ascertaiameut’ is the detei*inmation of a matter by dealing 
with both sides of the question, after having been in doubt. 

a. That is to say — ^ Ascertainment^ is the settling of the 
question by the establishing of the one view of it and the con- 
futing of the other view. 

b. Here ends the first diurnal portion of the first Book. 

c But an honest enquirer after truth may have heard both 
sides and still be in perplexity. Amicable ^ Discussion’ {vdda) 
is then open to him ; and this we proceed to define. 


THE SECOND DIUBNAL POBTION. 

SECTION VIII. 

THE TOPIC OF CONTROVERSY. 

We have now to define amicable ^ Discussion' {vdda). 

Aphorism XLL 

^ Discussion’ is the undertaking [ — by two parties respective- 
jy — j of the one side and of the other in regard to what [conclu- 
sion] has been arrived at by means of the five-membered [pro- 
cess of demonstration already explained ; — this discussion] con- 
sisting in the defending [of the proposition] by proofs [on the 
part of the one disputant] and the assailing it by objections [on 
the part of the other, — the discussion being conducted on both 

l> 
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sides] without discordance ia respect of the tenets [or principles 
on which the conclusion is to depend].* 

a. Since tliose who^ (under the pretence of seeking the truth,) 
are dishonestly eager for victory, will ivrangle, we have next to 
define ‘ Wrangling^ (jalpa). 

Aphorism XLII, 

‘ Wrangling/ consisting in the defence or attack [of a propo- 
sition] by means of ^ Frauds^ [ — see Aph, 50 — ], ^ Futilities’ 
[ — see Aph, 58 — ], and ^ Wliat calls for nothing save an indig- 
nant rebuke’ [-—see Aph, 59.—], is what takes place after the 
procedure aforesaid [ — that is to say after a fair course of argu- 
mentation, — supposing this to have failed to bring the disputants 
to an agreement]. 

u. So — what >vc mean by ^Wrangling’ is the discourse of one 
bent only on victory, and indiflerent which side of the question 
is established, provided he secure the credit of a victory. 

A. Disingenuous persons who have not sufficient skill for 
' Wrangling’ [ — which implies the possession of sufficient skill 
to take up a position and maintain it — ], have recourse to ca- 
villing, We have next, therefore, to define ^ Cavilling’ {vUandd,) 

Aphorism XLIII, 

This [ — viz., * wrangling’ — ], when devoid of [any attempt 
made for] the establishing of the opposite side of the question, 
is ^ Cavilling.’ 


* The reader who collates the English version with the Sanskrit will observe 
that here, as in various other places, explanatory clauses are inserted in the 
English version of the Aphorism instead of being subjoined to the Aphorism, as 
is customary in Sanskrit works. 
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That is to say, — when a disingenuous disputant, eager for 
victory, attempts to establish nothing, but confines himself to 
carping at the arguments of the other party, he is said to cavil. 

b. Here the topic of ^ Controversy^ is concluded. 

Now, wranglers and cavillers, when they do not find good 
reasons to support their positions, make use of what merely look 
like reasons ; — and even the honest enquirer, by mistake, may 
make use of such; — therefore we now precede to define and divide 
the ^ Semblance of a reason’ {hetwdbhdsd) which presents itself 
next in order [of the topics enumerated in the first Aphorism]. 


SECTION IX. 

OF FALLACIES, OR WHAT ONLY LOOK LIKE REASONS, 

BY MEANS OF WHICH A MAN MAY DECEIVE 
HIMSELF OR ANOTHER. 

Aphorism XLIV, 

The ^ Semblances of a reason’ are (1) the Erratic,’ (2) the 
* Contradictory,’ (3) the ^Equally available on both sides,’ (4) 
that which is ^ In the same case with what is to be proved, 
and (5) the ^ Mistimed.’ 

a. By the ^ Semblance of a reason’ we mean a mere ap- 
pearance which is like a reason, or, in short, a had reason. 

b. Of this class we proceed to define the first, viz., the 
^ Erratic’ {savyabhichdra ) . 

Aphorism XL V, 

That [semblance of a reason] is * Erratic’ which attends not 
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merely the one [charaoteVi which it is employed to prove, but 
attends also the absence of that character], 

a. This ' Erratic* semblance of a reason may be subdivided, 
as we shall have occasion to see in the sequel. 

b. We have now to define the ' Contradictory’ {viruddha) 
semblance of a reason, which comes*nextin order. 

Aphorism XLVI. 

That [semblance of a reason] is called ‘ Contradictory’ which 
is repugnant to what is proposed to be established. 

«. In other words, — after having proposed, or stated, that 
which is to be proved, a ‘ Contradictory’ semblance of a reason 
is one employed which is opposed thereto, or invariably attended 
by the negation of what is to be established ; — as if, for example, 
one were to argue “ This is fiery,— because it is a body of wa- 
ter.” 

b. We have now to define that semblance of a reason which 
is ‘ Equally available on both sides’ (prakaranasama ), — this pre- 
senting itself next in order. 

Aphorism XLVII. 

That [pretended reason] from which a question may arise as 
to whether the case stands this way or the other way, if employed 
with the view of determining the state of the case, is ‘ equally 
available on both sides’ [of the dispute]. 

a. That is to say ; — that reason employed, or adduced, for the 
ascertainment of one’s own proposition, or the negation of the 
other’s proposition, is called ‘ the same for both sides’ but 
which reason ? that from which two opposite views may arise 
[ — so that nothing is settled by it at all]. 
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5. For example, — suppose a man argues that Sound is eternal, 
because it has the nature of Sound, his opponent will be pro- 
yoked to retort that Sound is not eternal, just because it has the 
nature of Sound, — the argument having just as much force on 
the one side as on the other. 

c. We have now to define that semblance of a reason which 
is * In the same case with what is to be proved’ (sddhyasama ), — 
this presenting itself next in order. 

Aphorism XLVIIl. 

And it [ — the alleged reason — ] is ^ In the same case with what 
is to be proved,* if, in standing itself in need of proof, it does not 
differ from that which is to be proved. 

a. If the reason stands in need of being proved too, just as 
the proposition stands in need of being proved, then it is said to 
be in the same case with what is to be proved, and therefore 
the expression ^ unestablished’ {asiddha) is employed in speak- 
ing of such a reason. And this ^ unestablishedness* or ^ un- 
reality’ is of several descriptions, as will be seen in the sequel. 

h. We have now to define the ^ Mistimed’ {hdldtita) sem- 
blance of a reason, —which comes next in order. 

Aphorism XLIX, 

That [semblance of a reason] is said to be ^ Mistimed^ which is 
adduced when the time is not [that when it might have availed]. 

a. For example, — suppose one argues that fire does not con- 
heat ^ because it is factitious,’-— -the argument is ^ Mistimed’ 
if we have already ascertained, by the superior evidence of the 
senses, that fire [ — granting it to be factitious — ] does contain heat. 

/>, Hells concludes the topic of the Semblance of a reason. 
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c* We remarked that an honest enquirer may> inadvertently, 
take the semblance of a reason for a real one ; but what we 
have next to define are the tricks which are employed only by 
the dishonest disputant. 


SECTION X. 

OF THE TRICKS EMPLOYED BY THE DISHONEST DISPUTANT 
TO THWART THE OTHER PARTY. 

Ap?torism L. 

^ Unfairness’ (chhala) is the opposing of what is propounded by 
means of assuming a diflerent sense [from that which the objector 
well knows the propounder intended his terms to convey]. 

a. We proceed to enumerate the divisions of ^ Unfairness/ 

Aphorism Ll\ 

It [ — viz., ^ Unfairness’ — ] is of three kinds, (1) Fraud in respect 
of a term, (2) Fraud in respect of a genus, and (3) Fraud in 
respect of a trope. 

a. Of these we shall now define ^ Fraud in respect of a term’ 
{vdk--ch?tala). 

Aphorism LIL 

^ Fraud in respect of a term’ is the assigning a meaning other 
than [the objector well knows] was intended by the speaker when 
he named the thing by a term that happened to be ambiguous. "" 

«. For example, — if some one says A cow (ffau) has horns,’ 
— a caviller, recollecting that the word gau is explained in the 
dictionary to mean an elephant as well as a cow, may exclaim — 
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What ! — do you say that an elephant has horns 
b. We have next to define * Fraud in respect of a genus^ 
{sdmdnyachchhala ) . 

Aphorism LIIL 

* Fraud in respect of a genus’ is the assuming that something 
is spoken of, in respect whereof the fact asserted is impossible, 
because [forsooth] this thing happens to be the same in kind with 
that of which the fact asserted is possible. 

a. For example, on some one’s saying, ^ This is a * Brahman/ 
— he must be possessed of learning and conduct’; — the other, 
assuming that he here deduces the possession of learning and 
conduct from the fact of being a Brahman, says — ^ How can that 
^ be ? — for, the possession of learning and conduct, if deducible 
^ from the fact of being a Brahman, would be found, where it 
^ c^innot, in his childhood.^ [The other, of course, meant, as the 
objector very well knows, to speak of a Brahman who has lived 
long enough in the world to reader it possible for him to study, 
in which case the probability is that he will have studied]. 

b. We have next to define ^ Fraud in respect of a trope’ 
{upachdrachcJihala ) . 

Aphorism LIV, 

^ Fraud in respect of a trope’ is the denial of the truth of the 
matter, when the assertion was made in one or other of the 
modes, [viz., literal or metaphorical, — which it suits the purpose 
of the objector to invert]. 

a. For example, in the case of such an as sertion as ^ The scaf- 
folds cry out’ [ — somewhat analogous to the English phraseology 
^ The "pit and gallery applauded’ — ] a dishonest opponent will say 
‘ It is only those standing on the scaffolds that cry out’ [—as if the 
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other had meant to make the assertion literally of the scaffolds. 

b. Here it may be proper to anticipate an objection. 

Aphorism LV, 

^ Fraud in respect of a trope’ [some one may fancy at first 
sight — ] is just ^ Fraud in respect of a term/ for it does not dif- 
fer therefrom. 

a. The meaning of this objection is^ that Fraud is of only 
two kinds, not of three kinds ; for Fraud in respect of 
a trope is just Fraud in respect of a word, seeing that these 
agree in the assumption that some word was employed in another 
sense than that in which it was well enough known that the 
speaker did employ it, 

b. This objection we proceed to overrule. 

Aphorism LVI. 

It is not so [as the objector in Aphorism 55 supposes,] because 
they do differ. 

«. To show that the opposite view involves an absurdity we 
remark : — 

Aphorism LVIL 

Or if there were no distinction where there is any similarity 
of character [ — ^as there no doubt is between the two species of 
Fraud under consideration — ] then we should have only one 
kind of Fraud, 

a. That is to say, — if no distinction is to result from any 
property whatever provided there be some similarity of nature, 
then ^ Fraud’, in as much as each variety has a common nature 
so far forth as each is a ^ Fraud,’ would not be even of two kinds, 
as the objector is understood to hold that it is. 
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5. Here concludes the topic of Fraud in disputation. 

c. We have now to define ^ Futility/ which presents itself 
next in order. 


SECTION XI. 

OF FUTILE OBJECTIONS AND HOPELESS STUPIDITY. 


Aphorism LV/IL 

Futility consists in the offering of objections founded on [sonic 
mere] similarity or difference of character { — without regard to 
the question whether the fact asserted bears any invariable rela- 
tion to that character], 

a. The expression ‘ founded on similarity or difierence of clia- 
racter' is a definite one [ — intended to convey just so much, and 
to exclude everything beyond — J ; therefore the meaning is this, 
that Futility consists in objecting, or taking exception, on thej 
ground of similarity or difference of character vrltfumt respect to 
invariahleness of association [between the character and that 
whereof it is taken as a sign of the presence or the absence* For 
example, if it were propounded that ^ The man is unfit to travel^ 
because he has a fever/ it would be futile to object that ^ The 
man is fit to travel, because he is a soldier’ — there being no 
invariableness of connection between the being a soldier and the 
being fit to travel]. 

b. We have now to define ^ Unfitness to be argued with’ 

-tlie topic which presents itself next in order. 
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Aphorism LIX, 

Unfitness to be argued witli consists in one’s [stupidly] mis- 
understanding, or not understanding at all. 

a. The term here rendered ^ Unfitness to be argued with’ sig- 
nifies literally the place, i. e. the suggester, of censure or re- 
buke ; [ — for if a man stupidly misunderstands you or does not 
understand you at all, and yet still persists in trying to make a 
show of opposition, then the matter has come to that point where 
there is nothing left for it but to rebuke him and drop the discus- 
sion]. 

h. In order to prevent the mistake, [into which some might 
fall, of supposing] that there is no subdivision of Futility and 
Unfitness to be reasoned with, [-^the subdivisions of which 
will be stated in their proper place—] we remark as follows. 

Aphorism LX, 

Since each of them is of different kinds, ^ Futility’ and 
* Unfitness to be reasoned with’ are of various descriptions [which 
w ill be considered in the sequel]. 

a. But, as other questions arc more pressing, their subdivision 
is not made at present ^—suchis the import of the Aphorism. 


END OF THE FIRST BOOK. 
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SECTION I. 

OF THE FIVE SENSES. 

Ill the 1st Book* the Souses aud their Objects were enume- 
rated. Now each of these is to be described more fully ; aad 
first of the Sense of Smellf {ghraiia). 

Aphorism I. 

The organ of Smell resides iu the nose. 

«. Particles issuing from odorous bodies aud drawn into the 


In the second and subsequent Books we do not follow the order of 
Gautama’s second and subsequent Books. Ilis first Book contains the germs 
of his whole pbilosopliy. Having re-written the first Book, we proceed todevc- 
lo[)e its germs in the order that seems most likely to lead on the understand- 
ing from the point reached to the point which we desire to reaeli. 

t Ileid (-—see Sir Wm. Hamilton’s edition, p, 104) says that the principle 
of proceeding, in an exposition, from the more simple to the more complex, 
ought to determine us to make choice even among the senses, and to give 
the precedence, not to the noblest or most useful, but to the simplest,’* 
Gautama follows, to some extent, the same order as Reid, hut for n different 
reason, his arrangement of the five senses being determined by the order in 
which he discusses his five Elements — his five substrata of the qualities appre- 
hended by the senses respectively. Among his Elements, he gives the prece- 
dence to that which he holds to possess the greater number of sensible quali- 
ties. 
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nose in breatliing, come into contact with the organ, and then, 
in the absence of preventing causes, the sensation of smell takes 
place. 

b. Hence that bo.dy is called odorous in which there resides 
such a quality or power* that when its particles come into c;ontact 
with the organ of smell, in the absence of preventing catises, the 
sensation of smell takes place. 

c. Next of the sense of Taste {rasana). 

Aphorism IL 

The organ of Taste resides in the tongue. 

a» Particles of sapid bodies taken into the mouth, and dis» 
solved in a fluid such as the saliva, come into contact with the 
organ, and then, in the absence of preventing causes, the sensa- 
tion of taste takes place. 

h. So, that body in which resides the power of producing 
such a sensation is called sapid. 

c. Next of the sense of Sight [chakshush.) 

Aphorism III, 

The organ of Sight resides in the eye. 

a. Light comes .to the eye from bodies either self-luminous 
or illuminated, and then, in the absence of preventing causes, 
the sensation of sight takes place.f 


This assertion is designed as a demurrer to the dogma of the Nyaj'a that 
Odour belongs only to an Element called Earth [prithivi)^ and tliat everything 
that IS odorous is therefore earthy. 

t Here we oppose the Nyaya theory that a ray goQs from the eye tg the 
object t 
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b^. Of the nature of X^ight, and its relation to Colour, and of 
the structure of the Eye, we shall have occasion to treat in the 
sequel. 

Next of the sense of Touch {twach)» 

Aphorism 1V\ 

The sense of Touch, by which the tangible is ax>prehencle(i, 
distributed througliout the whole body, is particularly delicate at 
the tips of the fingers ; for it is chiefly in the fingers that there 
resides the power of ascertaining, by touch, the number and mag- 
nitude [of small objects*]. 

a. Next of the sense of Hearing {s'roii^a). 

Aphorism V. 

The sense of Hearing is lodged in the car. 

a. What is it that is apprehended by this sense ? To 
this we reply ; — that the sensation of sound takes place whoa a 
membrane in the ear [ — the tympanum — ] vibrates in a manner 
adapted to the sense of Hearing, f Of the nature of sound, 
and of the structure of the ear, ^ve shall have occasion to treat 
in the sequel. 


* For example, — if the points of a pair of compasses are separated to 
about the tenth of.an inch, their separateness and their distance can be distinct* 
iy appreciated by applying them to the tip of the linger, but not by applying 
them to the cheek. 

t Thus we demur to the theory that Sound is a QuaUiy residing in an all- 
pervading Element called the Ether, and that it may be therefore at all times 
in a sonorous body, wb ether perceived or not. 
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SECTION II, 

OF THE OBJECTS OF THE SENSES. 

c. Now \vc shall make some remarks on the Objects of the 
Senses, the first of which, in the enumeration given in Aph. 
XIV. Book L, is Odour {gandha)^ 

Aphorum VI. 

The quality of Odour is that power belonging to certain sub- 
stances whereby the sensation of Smell arises when the particles 
of such a substance come into contact with the Organ of Smell. 

a. As there is no proof that whatever possesses Odour must 
be of one particular kind of substance — viz, of Earth — ^ and as 
there appears to be no advantage in holding such an opinion as a 
hypothesis, we shall simply speak of anything as being odorous 
from which we derive the sensation of Smell, whether it be solid 
or fluid. On this point we shall have occasion to speak further 
in the sequel’^S 

b. Next of the quality of Savour [rasa)^ 

Aphorism VII. 

The quality of Savour is that power belonging to certain sub- 
tanccs whereby the sensation of Taste arises when the particles 
of such a substance come into contact with the Organ of Taste. 

a. As pure Water, in our opinion, has no taste, we differ 
from those who say that it has a sweet taste ; but we hold that 
Water^ in the shape, for example, of the saliva, though itself 
without taste, conduces to the production of the sensation 


When we come to the subject of Chemistry* 



ftoOK in SEC. in 


39 


by dissolving sapid bodies so as to bring tlieir particles into 
contact with the Organ of Taste* 

i* Next of the quality of Colour (rupa). 

Aphorism VIIL 

The quality of Colour is the power, belonging to certain kinds 
of substances, to affect Light in such a manner that when the 
Light comes in contact with the Organ of Sight the sensation of 
Colour takes place. 

a. What modifications Light is liable to, when it comes into 
contact with various substances, will be considered in the sequel."^ 

h» • Now, as w^e talk of seeing a wliitc cow or a green tree, so 
we talk of seeing a distant tree or other object. Do we, then, 
sef^ distance as w^e see colour ? On this point wc proceed to re- 
mark : — 


Aphorism IX. 

The Distance of an object is not scon, but is inferred from the 
indistinctness of the object and our knowledge of its character, &c, 

a. ^ Of an object’, — i. e, of any perceptible object,- — the dis- 
tance ^ is not seen’ — i. e. is not directly perceived. How then is 
it known ? To this we reply ^ but it is inferred,’ — or is learned 
by inference, from its indistinctness &c. In short the knowledge 
of distance is due to a general proposition, viz,, that in general 
what is near appears distinct, and wliat is distant appears indis- 
tinct, as is the case with a large tree in the distance, seen through 
a very small window which occupies a larger space in the field of 


When wc come to the subject of Optics, 
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vision than the tree does. Here the tree is not really the small- 
er of the two, though it appears to be so ; and so, from its in- 
distinctness &c. its distance is inferred. The sun is ninety mil- 
lions of miles distant, hut tlie sun is not indistinct ; and there- 
fore, though it is immensely larger than the earth, it appears to 
the eye to be at no great distance, and smaller than a potter’s 
wheel. 

h. By the ^ &c.’ in the aphorism, \vc refer to the apparent 
smallness of an object which we know antecedently to be large. 
Ignorance of the cause of the indistinctness of an objept gives 
rise to mistaken notions of its size and distance. Thus, in a fog,» 
or when the light is failing, a crow close at hand may be mista- 
ken for a distant elephant, if wc do not advert to the cause of 
the indistinctnesses 

Next of the quality of Tangibility (sparsa). 

Aphorism X., 

The quality of Tangibility is the power belonging to certain 
kinds of substances to produce the sensation of Touch wlieu they 
arc brouglit into contact with the organ of Teel whicli resides in 
the fingers &c. 

a. Next of the quality of [mhda) Sound (or rather Sonor- 
ousness). 

Aphorism XL 

The quality of Sonorousness is the power of occasioning sucli 
vibrations as produce the sensation of Hearing when they arc 
communicated to the tympanum of the car. 


( ’f. Ilci(fs collected works, p. 19 \, 
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m. The vibrations of a sounding body are communicated to 
the tympanum by means of some medium, such as the «air, as 
will be explained in the sequeL* 

h. Now^ as we talk of hearing a harsh sound or a soft sound, 
so we talk of hearing a distant sound. Do we then hear the 
distance as we Iiear the sound ? On this jpoint we proceed tore- 
mark : — 

Aphorism XI L 

The Distance of a sounding body is not heard, but is inferred 
from the character of the sound and our knowledge of the sound- 
ing bod3^ 

«. A sound, to one near the sounding body, appears ioudar 
than a like sound to tlie same person when at a greater distance. 
The sound of a waterfall in the Himalayas, while it continues 
tlio same to a person so long as lie remains standing near it, 
becomes less and less as lie moves away from it; so tliat, recol- 
lecting the force of the sound wlicn lie stood near it, lie can form 
some estimate of its distance, when he perceives the force of the 
sound to be more or loss diminished. on the otlier hand, when 
we know that the cause of a sound is very distant, we infer that the 
sound is much greater tlian it appears. For example, when we 
know that a certain sound has arrived from a distance of ten miles, 
we probably infer that it is the sound of a cannon, thougli it may 
not appear so loud as tliat of a musket tired near us. Hemee, 
again, when we know neither the distance nor the nature of the 
cause of the sound, we may confound tlie thunder of a distant 
cloud with the rumbling of a neighbouring cart. 

b. Now the substances which affect the senses by means of 


^ When we come to the subject of Acoustics. 


F 
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these five powers or qualities, may be regarded j,n two ways^ m 
we proceed to explain. 


# 

SECTION Til. 


OF MATTER, OR THAT THE QUALITIES OF WHICH FUR 
NISH THE OBJECTS OF THE SENSES. 

Aphorisni XIIL 

Substances which affect the senses (i. e. material substances, 
or matter,) may be regarded as being either in the shape of Atoms 
or of Masses, 

c. We shall consider Atoms in the sequel. t In the mean- 
time we proceed to divide Matter as it occurs in mass. 


* Of such siibstanoes the Nyaya reckons five — its five Elements (bhuta). 
As the term * Element’ is not equivalent to tlu; term ‘ Matter’, — not being ap- 
plicable to composite iiiaterial masses such as trees, biiinan bodies, &c. ; and 
as there is no other term common to the five vvliieh is not at the same time 
common to things not material, it follows that the philosophical terminology of 
the Nyaya offers no term co extensive with the term Matter. No practical 
inconvenience, however, need result from this, if the fact be carefully kept in 
mind — along with the exact reasons why the fact is so. That this is the case it 
will be our business to endeavour to show' as we y^roceed. ‘ Material things’, 
in the present section, are rendered bhmiiika^paddrllia i. e. * things formed of 
the Elements.’ 

t When we come to the question of the Constitution of the Masses 
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Aphorism XI V. 

Matter viewed in mass^ may be divided into this Earth with its 
inhabitants, and the rest of the material universe. 

a. In accordance with this division we may define the province 
(or the object-matter) of Astronomy as follows. 

Aphorism XV. 

The positions and motions &c. of the rest of the material uni- 
verse ( — the sun &c. — ), viewed in connection with the Earth 
regarded as a unit, constitute the object- matter of Astronomy. 

a. As the reader may be curious to learn the opinions of Eu- 
rope on the subject of Astronomy, we shall give an outline of 
these before proceeding further with the division of the province 
of the sciences. 


SECTION IV. 


OF THE FACTS OF ASTRONOMY. 

b. The first point hereto be attended to is a two-fold division 
of the heavenly bodies, which we may state as follows ; — 

Aphorism X VI. 

These may be divided into two sets, — for there are some that 
shine by their own light; and some that shine by a borrowed light. 
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a. That is to say— these heaveuly bodies are of two kinds : — • 
why ? — because some of theri^ as the fixed stars, shine by their 
own light as the sun does ; wliile others, as the planets, shine by 
a borrow^ed light, as the moon does by that of tlie sun. 

b. If it be asked — why, then, do not the planets change their 
aspect as the moon does ? — we reply that they do change their 
aspect, as the moon docs, to one so placed as to observe the 
change ^ and, altliougli this change is not discernible by the na- 
ked eye, yet by the aid of the telescope it is easily rendered evi- 
dent in the case especially of the planet Venus.* 

c. Next we have to declare the figure of the Earth. 

Aphorism X VII . 

The Earth is a globe. 

One proof of this is exhibited in the chapter on Demonstra- 
tive Exposition in the first Book. Other proofs will be referred 
to in the sequel. That the Earth is a globe, has been shown by 
Achauva in his Golddhydya. 

b. Now, as regards the motion of the Earth : — 

Aphorism XVIIL 

The Earth’s rotation on its axis produces the alternation of 
day and night, whilst its annual revolution round the sun produ- 
ces the change of the seasons. 

a. Why then does the Sun appear to move round the Earth ? 
The Sun appears to move round the Earth just as, to children in 


* The pandits of Benares have bad an opportunity of seeing this by means 
of the College telescope taken into the city for the purpose. 
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a boat which is receding; from the hank, the bank appears to re- 
cede from the boat. So Aryya Bhatta says^ As he who stands 
in a moving ship sees the mouiitaiii approaching him in the oppo- 
site direction, so does the inhabitant of Ceylon see the fixed 
stars wending toward the West.’' Proofs of the fact that the 
Earth moves round the Sun, will be given in the sequel. 

b. Now, as regards the motion of the Moon. 

Aphorum XIX, 

The Moon moves round the Earth. 

a. This is evident. Now, how and when do eclipses take 
place? In regard to this we have to declare as follows : — 

A phorisni XX. 

When the moon, revolving round the eartli, comes between the 
Sun and the Earth, then thei’e is an eclipse of the Sun ; and 
when the Earth corncs between the Sun and Moon, then there is 
an eclipse of the Aloon. 

a. As the Moon moves round the Earth once in a month, it 
might be expected that eclipses should occur once in i\ month. 
Why this does not happen will he exfdained in the sequel. 

b. Now, as regards the motions of the Planets. 

Aphorism XXL 

The Planets move round the Sun. 

a. Why, then, it may be asked, do they not appCcir to do so ? 
One reason is because the Earth also moves round the Sun ; and 
therefore the Planets, as viewed from the Earth, do not appear to 
move in such paths as it is ascertained by calculatioxi that they 
really do move in. 
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/>. As the earth is attended by a Moon^ it might be expected 
that the other Planets also should be attended by moons. lu re- 
gard to this, we have to state that the planets which are nearer 
the Sun than the Eartli is, have no moons, but some of the more 
distant planets are furiiished with several. With regard to the 
number of moons attending these we have to remark as follows : — 

Aphorism XX IL 

The planet Jupiter has four moons ; and the planet Saturn, be- 
sides seven moons, is atteiuled by a large luminous ring surround- 
ing him. 

a. Saturn’s ring is not clearly discernible without a telescope. 

//. By the telescope, myriads of stars, in addition to those 
visible to the naked eye, are rendered visible. Thus the nature of 
the Milky Way has been discovered, in regard to which we 
have to remark as follows : — 


Aphorism XXI] L 

The Milky Way is nothing else than a conglomeration of 
stars. 

a. Other facts regardiug Astronomy, not mentioned here or 
in the sequel, will be found stated in the astronomical treatise of 
Pandit Biipu Deva. 

b. Reverting to the division indicated in the 14th and ] 5th 
aphorisruvs of the second Book, we shall now consider the Earth 
with its inhabitants not as a partial unit in a system but as a 
system in itself. 


Aphorism XXIV. 

The Earth may be considered either as to its surface arrange- 
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ment^ or its constituent masses, or the causes of the existing ar- 
rangement ; and this gives rise to a three-fold division of the 
subject. 

a. We have first, then, to give some account of the surface 
arrangement of tlie Earth, 


SECTION V, 


OUTLINES OF GEOORAPHV. 

Apho7'tsm XX ( ^ * 

The arrangement of the Earth’s surface furnishes the object- 
matter of the science of Geography.* 

a. The surface of the Earth is made up of sea and land, 
with mountains, rivers, cities, &c. ; and the sciGiice that is con- 
cerned about the relative situations of these is Geography. 

b. Now, rivers do not accomodate their courses to the posi- 
tions of cities, but large cities arc generally built, for the sake 
of water, on the banks of rivers, — as the city of Benares on the 
bank of the Ganges. Mountains, again, are not distributed ac- 
cording to the course of rivers, but the rivers take their course 
in accordance with the distribution of the mountains. Witli the 
view of explaining how this happens, we first remark as fol- 
lows : — ' 


The science of the Earth’s surface — 
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Aphorism XXVI. 

The flowing of rivers is dependent upon mountains, and it is 
by the arrangement of the mountains that the courses of the ri- 
vers are determined, 

a. Under the term ^ mountains’ we here include all high grounds. 
Great rivers like tljc Ganges, take their rise in great mountain' 
chains, like the Himalaya. In explanation of the fact that great 
rivers take their rise in great mountain-chains, we have to state 
what follows. 

Aphorism XXV IL 

The tops of lofty mountains arc cold, and there is a limit be- 
yond wliieli if a mountain rises it is always covered with snow 
from that limit to the top. 

a. This limit, which is called the snow^-line^ or the ^ limit* of 
the snows’ {hima-s'imd), differs in iiciglit, in different countries, 
according to the licat of the climate. In the Himalaya moun- 
tains (on the sQutliern face) it is about 16,000 feet above the 
level of the sea. In tlic soutli of Europe, where the climate is 
colder tlian that of India, the line of perpetual snow is only 
^ about feet above the level of tlic sea ; while, near the poles, 
snow covers the land down to the water’s edge. 

h. A natural consequence of a river's taking its rise in a 
snowy range next requires our notice. 

Aphorism XXVIIL 

Even when there is no fall of rain, those river.s which arise 
from the melting of the snow of lofty mountains become 
swollen in the hot weather. 

o. This is observable in the Ganges at Benares, and the rea- 
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son of the increase of the water must be evident to those who 
reflect that the river comes from the melting of the snows of the 
Himalaya mountains. 

h. As the Ganges is flooded during tlie summer, so too is tlic 
river Nile in Egypt. The following remarks relative to the 
cause of the flooding of the Nile are taken from the work of the 
Grecian historian Herodotus, who lived 427 years before Vikra- 
maditya (B. C, 484). 

c, Concerning the nature of this river,” says Herodotus, 
I was not able to learn anything, from the priests or from any 
one besides, though I questioned them very pressingly. For 
the Nile is flooded for a hundred days, beginning with tlie 
summer solstice ; and after this time it dimiaislies, and is, 
during tliewdiole winter, very small. And on this head I was 
not able to obtain anything satisfactory from any one of the 
Egyptians, when I asked what is the power by -which thc^Nilo 
is ill its nature the reverse of other rivers. Yet there arc 
Greeks who, wishing to appear very wise, have offered tlirec 
explanations of the peculiarities of this river. Of these expla- 
nations one is as follows : — Tliat tlic north-wind, which blows 
in the summer, is the eaiisc of the rise of the river by pro- 
venting it from discharging itself into the sea. But often it 
has happened that the north-wind has not blown ; yet the 
Nile has risen as high as ever. Besides, if the north- wind were 
the cause, it would follow that all rivers which flow against the 
north-wind must exhibit the same effect; ; and so much tluj 
more as their streams are feebler. Bat there arc many rivers 
exposed to this wind which undergo no such change as that 
which takes place in the Nile. 

(L “ The second explanation is this that the rise of the Nile 
happens because the Nile flows from the ocean, wliicli, as they 
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say, encompasses the wlioie earth. But as to what is here said 
of tlie ocean, it is an obscure fable, destitute of proof. I know 
of no such river as the Ocean. Ilomer, perhaps, or some of 
the earlier poets, finding the name, transported it into the 
language of poetry. 

e. The third explanation is this, that the overflow of the 
Nile arises from the melting of snows. But now, how can it be 
that a river which rises in Lybia, passes through Ethiopia, and 
discliarges itself in Egypt — thus proceeding from the hotter to 
the cooler regions, — should owe its rise to snows ? There are 
many reasons which may convince any man that this cannot be 
the case. In the first place — and it is a sufficient evidence to 
the contrary — the wind that blows from these regions is hot. 
Again, the men of those countries arc blackened with tlic 
heat. Besides, kites and swallows remain there through the 
year, while cranes, flying from the Scythian winter, take Up 
tlftir abode there during that season. But, of necessity, none 
of these things would liappenif, in the countries through 
which the Nile runs, and where it takes its rise, snow fell even 
in the smallest quantity.’^ 

/. From all this it is clear that Herodotus was not aware of the 
tlifterence between the climate of high mountains and of the 
plains in a torrid region, which is declared in the 27th aphorism 
uf this Second Book. Those, on the other hand, who are acquain- 
ted with this fact in regard to mountains, would at once infer, 
from the overflow of the Nile in summer, that the river takes its 
rise in a snowy range ; and that it does so, just as the Ganges 
does, has now been ascertained by inspection. 

(/, Now, he who travels among the Himalaya mountains, and 
sees, one after another, innumerable peaks and innumerable 
streams descending from them, is apt to think that there is no 
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order or arrangement in the matter : — but if be takes a comprehen- 
sive view of the whole at once^ he will see that there is a certain 
amount of uniformity in the arrangement throughout^ the nature 
of which we now proceed to declare. 

A phori sm XXI X, 

The Himalaya range of mountains extends^ East and West, 
along the North of India. 

a. Ill this range there arc various roads by whicli travellers 
can pass the mountains into the countries beyond. The line of 
snowy mountains in which these jiasses occur is therefore called 
“ The Ghat-linc of the snows” — [tlie w’ord ghcit meaning a pass]. 

b, Next, of the great peaks. 

Aphorism, XXX. 

.From the Ghat-liiic of the Himalayas, the highest peaks, with 
their attendant ridges, extend southwards. 

a. Beginning with the peak of Jamnautri, where the Ganges 
rises, and reckoning eastward, these southward- pointing ridges 
are those of Jamnaufcri, Nandadevi, Dhawalagiri, Goswamistba- 
na (or Gosabhi-than), Kanchangiri, Chamabiri, and the Gemini. 

h. Next as regards the distribution of tlic rivers belonging 
to these. 

A plior lsru, X X A I . 

Between these ridges the numerous streams gradually umic to 
form a single river, 

a. Between the ridge belonging to tlic peak of Jainnauiri, 
which is 25,669 feet high, and Nandadevi, which is 25,598, the 
streams flowing down from the melting snow, gradually eonverge 
in consequence of tlio concave form of the region ; and thus, 
although there arc many considerable hills brfwern thnsn fT^rv 
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ridges^ such as the peak of Kedarnath near Gangaiitrij all the 
principal streams unite into one, and form the Ganges. 

h. In like manner, between the ridge belonging to the peak 
of Nandadevi and that belonging to the peak of Dhawalagiri, 
many streams unite to form the KarmUi, called also the Ghar- 
gata (or Ghogra), and this falls into the Ganges. 

c. Again, between the ridge belonging to Dhawalagiri, and 
that of Goswamisthana, there are the rivers called collectively 
the Sapta-ganclaki ; and these, uniting into one stream which 
bears the name of the Gandaka, next join the Ganges. 

iL Between the ridge of the Goswamisthana and that of 
Kanchangiri, tliere are the rivers called collectively the Sapta- 
Ivausika ; and these uniting next join the Ganges in one stream 
which bears the name of the Kausi. And so in the other valleys 
of like formation. 

c. Now^, on leaving the mountain valley, what kind of ground 
do these rivers meet with before reaching the Ganges? On this 
point wc have to remark as follows : — 

Aphorism XXXI/. 

These rivers cut their way through the range of sandstone hills 
that lies parallel to the Himalaya. 

a. Tins range of sandstone hills is not more than from 300 
to GOO feet above the ground on cither side. 

Aphorism XXXIIL 

Above the sandstone range are the Bhuns, below is the Bha* 
var, and below that the Tara’i. 

a. The mean brcadtli of the Himalaya is about ninety miles. 
Let this be divided into three portions, of thirty miles each, and 
it will present three climatic divisions, the lower, middle, and 
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upper. Let the lower region consist of the TariVi^ the Bfutvar 
(or Sal forest), and the sandstone range with its Dhims (or val- 
leys),— i. c., let it occupy from the level of the plains to about 
4000 feet above the sea : — the middle region will consist of the 
ground from there to about 10^.000 feet above the sea; and the 
upper region, of the ground above that. 

h. Now, we mentioned before 27) that the tops of 

high mountains arc cold ; and it is evident that if there be snow 
on the top of a mountain, and the air be warm at the foot, the 
temperature must be gradually colder from the foot to tbe top. 
Now some animals love heat, and others love cold ; and some 
plants love heat, and others love cold ; and both animals and 
plants thrive best in those places where they find the tempera- 
ture which Uiey prefer. This is found to be the case all over the 
world ; and how it is exemplified in the llimalaya we proceed 
to* state — 

Aphorism XXX IV, 

Plants and animals are different at different heiglits on the 
Himalaya, as is tlie ease with other higli mountains also. 

u. Thus, as regards vegetation, — in the lower region there is 
the Sill (Shorea), the Sissu (Dalbergia), tlm Tund (Cedrcla), the 
Palasa (Butea), the Banian (Ficus IiuHcus), the Pecpul (Ficus 
religiosus), &c. In the middle region, instead of these, there 
are trees'*^ that grow in such climates as that of England, and 
which will not thrive in warm climates. In the upper region 
there are pines, birches, and the congeners of such other plants! as 

* Oaks, Alders, Cherries, Pears, &c., concct names lor wliich are not lias- 
tily to be tletermiocd in the plains, 

t Junipers, larches, &c. 
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love a degree of cold even greater than that of England, 

d. As regards zoology,- — in the lower region live such ani- 
mals ; — men* &c, — as love heat. In the middle region live 
sucht suffer in the heat of the lower region. In the upper re- 
gion live suchj as cannot thrive in the heat even of the middle 
region. 

c\ Then again, in the lower region there are elephants, rhi-* 
noceroses, tigers, and deer. In the middle region tliere are no 
elephants, rhinoceroses, or tigers, and only one kind of deer. In 
the upper region there are none of these elephants, deer &c., 
while in that region alone of the three are found the wild goat and 
the wild sheep. Then again, there are in the tipper region no 
such crows as arc seen in the lower one, and very few of these 
are met with even in the central one, 

d. Thus, within the limits of the Himalaya, in consequence 
of the increasing coldness of the climate from the base upwards, 
tliere arc to be found such climatic differences as are not usually 
to be met with except at wide intervals on the earth’s surface, 

c. We shall now mention the great divisions of the earth’s 
surface as recognised by Europeans. 

Aphormn XXX V, 

The dry land is divided into four portions, called respectively 
Asia, Africa, Europe, and America, 


'• TIk' Koch, Boilo, DliimHl,, &c. 
i‘ The lA'pchas 
;}; I'bc BUoliya;!,, 
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a. The earth is in form, nearly a sphere, with a diameter of 
about eight thousand miles. More than two-thirds of the surface 
of the earth is covered by the ocean. Of the remaining dry land 
the great divisions are named as just mentioned. 

Now, how are these four to be recoguised ? 


Aphorism XXX VL 


Asia is the division in which India is situated, and Europe 
tliat in which is England : — Atrica and Europe lie to the west of 
Asia, Europe being to the north of Africa : — America extends 
from nortli to south over great part of tlie hemisphere that is 
antipodal to India. 


cf. The forms and the relative situations of the various coun- 
tries and season the globe arc represented in maps, from whicli 
lliey may be learnt, 

h. Some countric;a.jaraj«^ and some are colcL With re-^ 
gard to the principal reason of this we have to observe as fob 
lows ; — ■ 


Aphorism XXX VlL 

The climate of a country depends mainly upon its receiving 
the sun^s rays perpendicularly or oblicpiely. 

«. In countries near the equator, the sun’s rays fall nearly 
perpendicularly upon the earth ; and these countries are w^arm, 
as India. Countries placed nearer the pole receive the sun’s 
rays obliquely, hence in smaller quantity, and are comparatively 
cold, a>s England. 

h. We have already explained how rivers take their rise in 
mountains, as the Ganges &c.^ in the Ilimfdaya mountains. 
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Now, in Africa the mountains are few ; lienee the rivers are 
few, and much of that region is consequently a desert* 

c. In books on Geography, in addition to the relative posi- 
tionsof towns and countries, the religion, habits, forms of govern- 
inetit, &c., of the inhabitants are detailed. For fear of prolixity 
we shall not here go into these topics. 

d. Having now given some account of the surface-arrangement 
of the earth, we have next ( — as intimated in Am. 21. Book 
II. — ) to consider its constituent masses. Masses ( — as hinted 
in Aph. 13. book II. — ) we regard as the products of Atoms, to 
which belong three important properties, as w^c proceed to indi- 
cate in the aphorism liere following. 


SECTION VI. 

OF MATTER Aili li i MOW 

Aphorism XXXVIIL 

Now the enquiry has reference to Atoms, and tlieir Attrac- 
tion, Repulsion, and Inertia. 

a. Atoms ? Every material mass is di\isible into very minute 
particles, indestructible by human power. For example, a piece 
of iron, or other metal, may be bruised, broken, cut, dissolved, 
or otherwised transformed, a thousand times, but can always be 
exhibited again as perfect as at first. Let the most minute re- 
sisting particles of which the mass is composed be called Atoms 
— i. e. wdiat cannot be further cut or divided. 

b. Their Attraction ? It is found that the Atoms, whether 
separate or already joined into masses, tend towards all other 
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Atoms or masses, — as when the atoms of any mass, such as a 
stone, are held together (by some influence which we know only 
by its effects) with a certain force ; or when a block of stone is 
similarly held down to the earth on which it lies ; or when the 
sea {in the flow of the tide) rises towards the moon. Let the cause 
of these effects be called Attraction. 

c. Repulsion ? Atoms, under certain circumstances, — for ex- 
ample when Heat is diffused among them, — have their mutual 
attraction resisted, and they tend to separate, — as when ice heat- 
ed melts into water, or when water heated expands into steam. 
Let the cause of these effects be called Repulsion. 

d. Inertia ? As a potter’s wheel, when made to revolve, at first 
offers resistance to the force moving it, but gradually acquires 
speed proportioned to that force, and then resists being again stop- 
pe*d — in proportion to its speed, so all bodies and atoms appear to 
have, ill regard to motion or rest, a stubbornness, tending to keep 
them in their existing state whether of motion or of rest. Let 
the cause of this be caTIecl Tnerita. 

e. Now we have to see how the enquiry into Atoms and 
their mutual Attraction, &c., is to throw liglit on the nature 
of the material universe ; and we proceed ia the first place to 
declare as follows. 


Aphorism XXXIX. 

The sensible universe is formed of Atoms. 

a. As before mentioned, a piece of metal, after having been 
bruised and broken and dissolved and altered in a thousand ways, 
can be always recovered as perfect as at first. Although this is 
not the case with things that are organized,— as the leaves of trees 
or the feathers of birds, — for we cannot restore to an organized 

H 
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structure the form that it had before,— ryet, as we shall see wbeti 
we come to the subject of Chemistry, even when these are buna- 
ed, not a single Atom is really lost. 

h, Now% with regard to the size of the Atoms. 

Aphorism XL, 

Atoms are extremely minute. 

«. Among the proofs of this fact it may be mentioned that 
goldbeaters, by hammering, reduce gold to leaves so thin that 
360,000 must be laid upon one another to produce the thickness 
of an inch. The thickness of even one of these leaves is, we 
know, much greater than that of an Atom, because gold can be 
spread out much thinner upon silver wire ; and even then tl)ere 
is no proof that the thickness is no more than that of an Atom. 

b. The followers of the Nyaya hold that tlie raagnitude of an 
Atom is smaller than any magnitude {yw positively small) ^ so that 
the magnitude of an Atom is no elomeut^in the magnitude of a 
combination of two Atoms, because that which is produced from 
(the intensifying of) the small ought to be still smaller ( — as in the 
multiplication of fractions by fractions, — or in the summation 
t— as regards the positive result — of minus quantities in Algebra). 
We on the other hand (for the most part) hold, that, although 
exceedingly small in comparison with the masses formed of them, 
yet there is no reason why they should not possess a determinate 
bulk with reference to these, — so that the bulk of two Atoms 
may be twice tlie bulk of one. Reasons for holding this opinion 
will be raentioned in the sequel.* 

c. A European philosopher, of the name of Boscovich, put for- 


♦ When treating oC crystallisation. 
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#&r(i a theory that Atoms have no magnitude, and that they 
fdifiTer from mathematical points only in as much as they] have’ 
primary force* [—or a repulsion which secures to each aton^ 
its own range]. Although this hypothesis is not devoid of 
plausibility, yet it does not serve so well to explain the varied 
phenomena of the material universe as the hypothesis followed in 
the present work : — we therefore proceed to lay down the follow- 
ing position. 

Aphorism XLl. 

Matter always occupies space. 

a. A portion of matter, as a large mass of cotton, by being 
compressed, can be made to occupy a smaller space, but it can- 
not be so compressed as to occupy no space. In the same way 
all other bodiCvS on no occasion altogether part with magnitude. 
This property of never ceasing to possess magnitude is called the 
Impenetrahilitij of matter, — a term implying that no two or more 
bodies can occupy exactly the same place at the same time. The 
following are examples of this. 

b. If a stone be dropped into a jar brimful of water, then wa- 
ter will flow out to make room for the stone. 

c. A glass tube, left open at the bottom, while the finger clos- 
es the top, if pressed from air into water, is not filled with water, 
because the air contained iu it resists ; but if the air be allowed to 
escape by removing the finger from the top, then the tube be- 
comes filled to the level of the water around it. 

iL Invert in a vessel of water a smaller vessel full of air. 
Some water will enter ; but the ^vater cannot fill the smaller ves- 

^ Sec Preliminary Hissertations to the Enc, Unt. p. 
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sel iintilj by turning its mouth upwards, we allow the air to 
escape. If the vessel of air be inverted over a floating lighted 
taper, this will continue to float under it, and to burn for some 
time in the contained air, however deep in the water it be car* 
ried. In like manner, in a large inverted vessel of air, suspend- 
ed by a rope, men can be lowered to the bottom of the sea to 
recover sunken property. The vessel for this purpose, being 
usually shaped like a bell, is called a Diving-bell. 

e. Now there must be some reason why Atoms do not remain 
separate, and therefore we conclude as follows. 

Aphorism XLIL 

Atoms attract each other. 

c. In other words, there is a mutual among Atoms. 

Attraction exists also between the separate masses formed of 
atoms. Of this fact the following are instances. 

b. Logs of wood floating in a pond, or ships in calm water, 
approach each other, and afterwards remain in contact. 

c. As stones fall, and plummets hang, in India, towards the 
centre of the earth, so is it on the side of the globe opposite to 
India also. People there, therefore, like flies on the opposite 
side of a pai\e of glass, are standing with .their feet towards us. 
Bliaskara Acliarya, in his Golddhydyay illustrates this as follows. 

‘'This (globe of the earth) is covered on every part with multi- 
tudes oF mountains, groves, towns, and monuments, as is the ball 
of the Nauclea^s globular flower with its multitudes of anthers.*^ 

d. "Bat then,” some one might object, "men are not fas- 
tened into the ground as the anthers of the Nauclea flower are 
fastened into their globular receptacle so that they do not fall 
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away from it. How, then/ do the men not fall off who are sitand* 
ing at the distance of a fourth part of the circumference from 
us, or in the opposite hemisphere ?” To this Bhdskara Achdrya 
replies as follows. 

'' Each one, wherever he stands, regards the earth as being 
under him, and himself standing upon it : — therefore those 
that stand at the distance of a fourth part of the circumference 
from one another mutually regard one another as standing horu 
zontally, and those that stand in tlie opposite hemisphere as hav- 
ing their heads downmost (and forming antipodes) like the man 
and his reflected image at the margin of a piece of water; — and 
thus those who are (as regards our own position) placed horizon- 
tally or head downmost, stand there just as we d.o here. 

e. It is in consequence of all the parts tending to a common 
centre that the earth is spherical. In like manner when particles 
of mist coalesce into drops, these are spherical. They lose their 
spherical form, of course, when they reach the ground ; but melt- 
ed lead, allowed to rain down from an elevated sieve, by cooling as 
it descends, rctanis the form of ics liquid drops. It is in this way 
that the spherical small-sliot used by sportsmen is made. Lead, 
when allowed to drop from a height, does not assume a spherical 
form if it is not in a fluid state. Hence we are led to conjecture 
that the earth, tlie moon, the sun, and the planets, all of which 
are round, must at some time have been to a certain degree fluid ; 
and also that they are all subject to the same law of Mutual 
Attraction. 

/. But it may be asked, — if all things on this globe tend to 
the centre, why is smoke seen to ascend? Smoke does not, of 
its own accord, ascend ; but in reality the air near the earth, be* 
ing heavier, sinks below it and forces it to rise, just as the water 
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ill a jar causes a straw to rise which has been thrust to the bot- 
tom of it, 

g. The cause which we call Attraction acts at all distances. 
The Mood, though 240,000 miles distant from the earth, by her 
attraction, raises the water of the ocean under her, and thus be- 
casions what is called the tide. The sun, still further off, has a 
similar influence. When tlie sun and moon act in the same liuU 
of direction, (as they do twice in each month,) the tide is great- 
er ( — "and is then called a spring-tide). 

A. But, although Attraction acts at all distances, it does not 
at all distances act with equal force ; and, in regard to this, we 
proceed to remark as follows. 

Aphorism KLIIL 

The Attractiou is ^greater the nearer the bodies are to each 
other; as the light of a lamp is more intense nearer to the lamp 
than at a distance. 

a. Place a wooden board of a foot square at a certain distance 
"from a lamp, and it will just shadow a board of two feet square 
behind it at double the distance. Now a board with a side of 
two feet has four times as much surface as a board with a side of 
one foot, for it is not only twice as long, which would make it 
double, but twice as broad also, which makevS it quadruple. 
Light, therefore, at double distance from its source, being 
spread over four times the surface, has only one fourth of the in- 
tensity. For a like reason, at thrice the distance, it has only a 
ninth part, and so on, — the light becoming less intense the more 
widely it is diifuscd, just as a bag of rupees, on being equally di- 
vided among a greater number of persons, allows a proportionally 
smaller amount to each. Now lights heat, attraction, sound, 
and indeed every influence from a central point, is found to de- 
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crease in the proportion here illustrated, viz., as the surface of 
squares, the one of which shadows the other, increases. Accpr- 
dingly, what weighs 1000 pounds at the sea- shore, weighs five 
pounds less at the top of a mountain of a certain height. This 
is proved experimentally by using a spring-balance. The spring, 
drawn out to a greater length, indicates a greater weight at the 
level of the sea than on a lofty mountain. By calculating, ac- 
cording to the proportion of weight lost on a hill of a certain 
height, it is found that the weight, or tendency towards the 
earth, of 1000 pounds, must be diminished to five ounces at the 
distance of the Moon. This fact will be reverted to in the 
sequel. 

b. In pouring water from a jar, it is seen that the water, in 
consequence of the attraction of the jar, does not readily leave it, 
but is inclined to run down the outside of tlie jar, which attracts 
it,‘ It is in order to remove the water from*the attraction of the 
vessel, that various vessels are furnished with spouts, — as is the 
case with the water-pots of Hindu ascetics. When a vessel has 
nX)t a spout, you may pour from it without spilling, by leaning 
the lip of the vessel against a rod of glass, or the like, down which 
the liquid will readily run, — the attraction of the rod then coun- 
teracting that of the vessel. 

c. The particles of water cohere among themselves in a degree 
which causes small needles, gently laid upon the surface, to 
float. The weight of the needles is not sufficient to overcome the 
cohesion of the water- surface. For the same reason many light 
insects can walk upon the surface of water without being wetted. 

d. Between two plates of glass, or the like, standing near to 
each other with their lower edges in water, the water, attracted by 
them the more strongly in proportion to their closeness, rises 
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above the level of that on the outside. In the same way, water, 
ink, or oil, coming in contact with the edge of a book, is rapid- 
ly absorbed far inwards among the leaves; and the wick of a 
lamp lifts the oil, to supply the flame, from two or three inches 
below it. 

e. It has been already remarked that when heat is diffused 
among the Atoms, they tend to separate. On this point we pro- 
ceed to declare as follows. 

Aphorism XLIV. 

The Atoms are more or less close, according to the quantity 
of heat, producing repulsion, among them ; and hence the forms 
of solid, liquid, and air, 

a. But what is Heat? This we are not at present prepared 
to say. We shall consider Heat at present merely as a cause of 
Kepulsion. 

b. When a continued addition of heat is made to any body, 
it gradually increases the mutual distance of the coiistitueht 
atoms, or dilates the body. A solid thus is at first enlarged and 
softened ; then melted or fused, that is to say, reduced to the 
state of liquid, as the cohesive attraction is overcome ; and 
lastly the atoms arc repelled to still greater distances, so that 
tlie substance is converted into elastic fluid or air. Abstraction 
of heat from such air causes return of states in the reverse order. 

c. Thus ice when heated becomes water, and water when fur- 
ther heated becomes steam. The steam when cooled becomes 
water, as befo ;e, and the water when cooled becomes ice. Ice, 
water, and steam, therefore, are three forms or states of the 
same substance. Other substances are similarly affected by heat ; 
but as some require more heat to liquify them, and some less, it 
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is thus that we find the existing variety of solids, liquids, and 
airs. 

d. We have now to consider some peculiarities of state which 
depend on certain modifications of Attraction and Repulsion. 

Aphorism XL 

Certain modifications of Attraction and Repulsion produce 
the peculiarities of state called Crystal, Porous, Dense, Hard, 
ISlastic, Brittle, Malleable, Ductile, and Tenacious. 

a. Crystallization? When various kinds of salts arc dissolved 
in water, and the water is then allowed slowly to evaporate, each 
salt assumes a peculiar form and no other. From finding that 
certain substances thus iuvariably assume a regular form, we in- 
fer that, at the time when a mass is beginning to be formed, the 
Atoms do not attract one another equally all round, but that 
the Attraction acts between certain sides or portions, thus lead- 
ing to the regular arrangement which we call the crystalline. 
The name is taken from rock-crystal, which is found in strikingly 
regular forms. 

b* Porosity ? Even among the particles of hard stories there 
are vacant spaces. Hence a kind of sandstone, suitably shaped, 
serves to filter water. Let the cause of its being fitted for this be 
called its Porosity, 

c. Density ? A cubic inch of mercury is nearly fourteen 
times heavier than a cubic inch of water. It is inferred that a 
greater quantity of Atoms exists in a given bulk of that which 
is the heavier. This is expressed by saying that the substance iwS 
more dense. When a body dilates or contracts by the addition 
or abstraction of heat, its entire weight does not change, because 
the quantity of its atoms does not change ; but the weight of a 


\ 
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given bulk of it^ as a cubic inch, changes, because the quantity 
of atoms in the cubic inch changes. 

</. The comparative tveighis of equal bulks of different sub- 
stances are called their specific gravities. Water is the standard 
employed for determining this, as will be shown in the sequel.^ 

e. Hardness is that quality which may be measured by the 
power of one body to scratch another. The diamond is the hard- 
est of known substances. It cuts or scratches every other body. 

/. Elasticity is that which restores to its former position what 
had been forcibly altered as by bending, 

g. Briithmess is the property of a body which, though hard, 
is easily broken. For example, glass scratches iron, so that it is 
harder than iron ; yet it is very easily broken. 

li, Malkahiliiy is the property, belonging to gold &c., of be- 
ing reducible into thin leaves by hammering. 

i. DactUliy means the susceptibility, belonging to gold &c., 
of being drawn into wire. 

/. T enaciiy means that modification of the force of cohesion 
among the atoms of any mass, by which it resists being drawn 
asunder. A great weight can be supported by a thin iron wire ; 
but only a comparatively small weight can be supported by a lea- 
den wire of the same size. Tenacity, differing in degree in 
different substances, is most remarkably characteristic of iron. 

As the bodies formed of atoms may be at relt or in motion, 
we have now to consider the phenomena of motion. 
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SECTION VII. 

OF MOTION AND REST. 

Aphorism XLVI. 

' Motion is the term applied to the phenoincnon of the clianging 
of place among bodies. 

a. Motion is straight, in the apparent path of a falling body, — 
curvUinear, in the track of a body thrown oblicpiely, — accelerated, 
in a stone foiling to the earth, — retarded, in the stone thrown 
upwards while rising to the point where it stops before descending. 

b. Now, how is motion produced, and how does it cease ? 

Aphorism XLVI I. 

Force is required whether to give motion or to take it away, 

a. It has been already mentioned that a potter’s wdiecl first 
offers resistance to the force moving it, and then resists being 
stopped. So a person standing upright in a carriage falls back- 
wards when the carriage suddenly moves forward ; and the same 
person standing upright whilst the carriage is moving rapidly for- 
ward, falls forwards when the carriage suddenly stops. So too, 
when a boat crossing a river strikes against the bank, all the ig^* 
uoraut people who in their haste to get ashore liave stood up;, 
fall forward towards the bank. 

h. But, whether is the state of rest or that of motion natural 
to bodies ? To this we reply 

Aphorism KLVJJL 

Uniform straight motion is as naturally permanent as rest. 
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a. Tliat is to say, a body can neither acquire motion, nor lose 
motion, nor bend its motion, without a cause. 

b. When an iron bfill is rolled oh the ground, if the ground be 
not smooth, the motion is speedily destroyed. If the ground be 
smooth, then the motion, being less impeded, continues lon^r ; 
yet it is gradually destroyed by obstacles which cannot here be 
entirely removed. It is only in the sky that we Observe an entire 
absence of obstructions, and there the motions of the planets go 
on uninterruptedly. 

c. An arrow discharged liorizontally at a mark gradually bends 
downwards to the earth by which it is attracted j but, when the 
air is still, it does not tend to change its course either to the 
right hand or to the left : — -were it not for this, no one could cal- 
culate upon taking a correct aim. 

d. A stone from a whirling sling, the moment it is set at li- 
berty, darts off as straightly as an arrow from the bow-string ; 
and it is only because of the great difficulty, even after long prac- 
tice, of determining the point of the circle from which it should 
depart, that it is so difficult to hit a mark with it. 

e. From such facts it appears that a body moving In a circle 
is constrained by some force which is contrary to its Inertia. 
For example if a man is seen in the distance moving his 
hand, and a ball is seen whirling round it, then, though, from 
the distance or some other reason, we may see no string between 
his hand and the ball, yet we conclude with certainty that there 
is a string of some sort. In like manner, in the case of the cir- 
cular motion of the moon and the planets, we infer that there is 
some force interfering with the straight motion which would else 
result from their Inertia, since a motion other than straight can- 
not be the result of any single force, 
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/. We have noTiV, then, to consider the results of more tliBu 
one force acting upoii a body at once. It has been remarked that 
motion caused fay a single forc& is always in a straight line. It is 
clear that an additional force applied in thf same direction causes 
a body to move more rapidly in the same direction, as when a 
boat floating with the current of the Ganges is urged in the same 
direction by the wind also. When a force is directly opposed by 
an equal force, motion does not take place ; so two bulls of eqpal 
strength, opposing their heads with equal force, both maintain their 
ground. Whichever of two opposing forces is the greater, motion 
takes place in the direction of that force, with a rapidity resulting 
from the difference of the two forces ; as when a boat, with a fair 
wind, sails up against the current of the Ganges. These facts arc 
quite obvious. The following is perhaps less so. 

Aphorism XLIX. 

If two forces act, upon a body, neither in the same direction 
nor ill an exactly opposite direction, the body will move in an in- 
termediate direction. 

a. Thus a boat impelled by oars across a river, and at the 
same time acted upon by the current, moves neither straight 
across nor straight down the river, but slantingly. Therefore 
the ferprman, in order to bring his boat to the desired landing- 
place on the other side of a rapid river, calculating his own 
strength and that of the current, starts from such a point up the 
stream that the landing-place may lie rightly between the direc- 
tion of the current and the direction that he labours in. 

Aphorism L. 

If two forces act upon a body, by one of which it is projected 
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in a straight line, whilst by the other it is continually directed 
towards a fixed pointy the result is Circular Motion. 

a. Thus when a sling, with a stone, is put in motion, the 
stone, which constantly seeks to move away, moves in a circle 
because it is restrained towards the hand. If, in the rapid motion, 
the string break, or if it be let go by the hand, then, since only 
one of the forces continues to act, the stone will fly off as if it 
had been thrown straight from the hand. 

b. So also in an oil-mill, the ox, when driven, seeking to go 
forward, and prevented by the beam to which its neck is yoked, 
moves in a circle round the mill. If he were quit of the yoke, 
he w^oiild probably move off from his driver in a straight line, — 
his attempt to do this having conduced in the first instance to the 
circular motion which he is confined to. 

Aphorism LI. 

The force which pulls a body towards a centre is called the 
Centripetal Force. The force in virtue of wliich it tends to 
recede from a centre is called tlie Centrifugal Force. Together 
these are called Central Forces. 

(i. Phenomena exemplifying the centrifugal force arc such as 
the following. 

b. Bodies laid on a whirling horizontal wheel, such as that 
used by potters, arc readily thrown off. 

c. In a lianilmill the grain, carried round by the stone, tra-* 
vcls outwards till it escapes as flour at the circumference. 

(L When a water-pot, filled with water, is whirled rapidly 
round by means of a string fastened round its neck, the centri- 
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fugal force prevents the water from falling out even whilst the 
vessel is upside down. 

(?. A man or a horse, suddenly changing his direction in run- 
ning (as when turning a corner at speed), instinctively leans in- 
wards, or towards the new direction, to counteract the centrifu- 
gal force that would throw him away from it,, A carriage, in ra- 
pidly rounding a corner, for want of such instinct, is apt to 
be overturned. 

/. When a mass of very soft clay is placed in the middle of a 
potter^s wheel rapidly revolving, the centrifugal force causes the 
clay to bulge out. Like this ball of soft clay, tlie Eartli, revolv- 
ing onits axis, has bulged out at the equator, so that the equatori- 
al diameter exceeds the polar diameter by about twenty miles. In 
consequence of the existence of this additional mass of matter at 
the equator, the attraction between the Earth and the Sun and 
the Moon does not act exactly as it would do if the form of the 
Earth were a perfect sphere. Hence result the precession of the 
equinoxes and certain other irregularities to be noticed in 
the sequel. 

g. Motion is said to be uniform when equal spaces arc moved 
over in equal times. Motion is not necessarily uniform. In re- 
gard to this wx have to remark as follows. 

Aphorism LIL 

Motion may be Retarded or Accelerated. 

a. Retarded motion is produced by some force acting conti- 
nuously on a body in a direction opposed to that which first put it 
in motion, and thus gradually diminishing its velocity. If yon 
throw a stone vertically upwards, the attraction of the earth will 
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gradually diminish its veiocity, till at length the upward ^^Ption 
ceases, and the stone begins to descend. The motion of the stone 
downwards is the converse of what it was upwards. Here we 
have Accelerated Motion. For, when the stone, by falling 
througli a certain space, acquired a certain velocity, it would 
move, in consequence of its Inertia, through another equal 
space in an equal portion of time, without the application of 
any additional force. But the force of the Earth’s attraction is 
still acting upon it, and thus the velocity is constantly accelerated. 

fj. When a boy lets a ball drop from his hand, he can catch 
it again in the first instant ; but after a little delay his hand pur- 
sues it in vain. 

c. When a Bela fruit falls from a lofty brancJi, the eye can 
follow it for a time, and mark the gradual acceleration of its de- 
scent ; but soon, from the increasing rapidity of its fall, it is 
seen only as a shadowy line. 

rf. Any fluid falling from a reservoir forms a descending 
stream of which the bulk diminishes, from above downwards, in 
the same proportion as the velocity of the particles increases. 
For example, in pouring molasses, or thick syrup, from a con- 
siderable height, the bulky sluggish mass, which first escapes, is 
reduced, before it reaches the bottom, to a small thread ; but the 
thread is moving proportionately faster, and fills the receiving 
vessel with surprising rapidity. 

c. Some bodies are seen to fall to the earth more rapidly than 
others; but their doing so is owing to the interference of the 
air. A sheet of paper falls slowly ; but if you roll it into a ball, 
it will fall rapidly. Qold is very heavy, but it appears to float 
in tlm air when beaten into thin leaf. 

/. A piece of paper, cut to the sisie of a rupee, and placed 
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on the top of it, reaches the ground along with the rupee, — for 
the heavier body prevents the air from impeding the fall of the 
lighter one* 

g. In a vessel from which the air has been removed by an 
air-pump, a rupee and a feather fall with equal rapidity. 

1u A stone thrown straight forward is gradually drawn dowii 
towards the earth. If the motion caused by the earth^s attrac- 
tion were a uniform motion, like that caused by the current of 
a river, the stone, like the boat before referred to^ would move 
in a slanting but straight line. As the downward motion, how- 
ever, is a continually accelerated motion, the stone must continu- 
ally change its direction, or, in other wards, it must move in a 
curve, as we see it do. The form of this curve is more distinctly 
seen when water is spirted from a syringe. 

, «. Both accelerated and retarded motion is exemplified in the 
Pendulum. 


Aphorism LIIL 

The name of Pendulum is applicable to any body so suspend- 
ed that it may swing freely backwards and forwards. 

«. A common pendulum consists of a ball suspended by a 
rod from a fixed point. 

6. A stone suspended by a string will serve to exemplify se- 
veral of the phenomena of the pendulum. One of the most im- 
portant of these is the following. 

Aphorism LIV. 

The times of the vibratiqps of a Pendulum are very nearly 
equal, whether it be moving much or little, 
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a. ^ Whether it be moving much or little^ — i. e. whether thfi 
arc described by it be large or small. This may be shoAvn by sus- 
pending a small weight from a peg by a thread of 39 inches in 
length. When the weight is drawn to one side and then set 
free, it will move backwards and forwards in equal spaces of 
time, — viz, in a second of time, whether it make a wide oscilla* 
tion as when first set free, or a gradually smaller one. 

A, It is in consequence of this property that the pendulum is 
employed to measure time, A common clock is merely a pendu- 
lum, with wheel-work attached to record the number of vibra- 
tions, and with a weight or spring having force enough to counter- 
act the retarding effects of friction and the resistance of the air. 

Aphorism LV, 

The length of a pendulum influences the time of its vibration, 

a. The shorter the string of the pendulum, the more rapid is 
its oscillation : and the longer the string the slower is the oscil- 
lation. 


Aphorism LVL 

Action and Reaction are equal and opposite. 

a. It is evident that if no action or movement takes place 
among bodies but in consequence of either Attraction or llepul- 
sion, there must always be at least two bodies concerned, and each 
must be attracted or repelled just as much as the other, although 
one will have less velocity than the other, as it may be itself 
greater, or fixed to another mass, 

b. Thus, if a man in one boat puli at a rope attached to ano- 
ther, the two boats will approach. The boat which he pulls will 
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€omey and the boat in which he stands will go towards it. If they 
be of equal size and load, they will both move at the same rate ; 
and if they be different, the smaller will move the faster, in which- 
ever of them the man may be. 

e. A cannon, when fired, recoils with not less momen- 
tum in it than the ball has ; but, the momentum in the cannon, 
being diffused through a greater mass, the velocity is small, and 
easily checked. 

d. When a body in motion strikes upon another body, it meets 
with resistance. The resistance of the body at rest, will be equal 
to the blow struck by the body in motion, and exactly opposed to 
it. The operation of this principle is most apparent in the case 
of elastic bodies. If a ball be rolled along a smooth floor so as to 
meet a wall perpendicularly, it will return on the same Hue. If 
i\\£. first motion be not in a direction perpendicular to the wall, 
the reflected motion will diverge exactly as much on the other side 
of the perpendicular. Thus, if, whilst standing in the left hand 
corner of a room, we throw a ball agi^nst the centre of the op- 
posite wall, the ball, in returning, will move towards tlie right 
hand corner, — the angles on each side of the perpendicular being 
always equal. This equality of tfie angles, or law of reflection, 
which applies to Heat, &c., also, may be expressed as follows : — 

Aphoris7u L VII, 

The angle of reflection is equal to the angle of incidence. 

a. Other examples of this will be noticed in the sequel. 

b. Having thus shown how all the motions visible among bo- 
dies are the effects of nothing else than Attraction and Repul- 
sion acting on the Inertia of Atoms, separate or conjoined, un- 
der diversified circumstances, we now proceed to explain, by 
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means of these principles^ the peculiarities of rest and motion 
^hich depend on the solid form of bodies,* 


SECTION VIII. 

PHENOMENA OF SOLIBS, 

^ Solid* is the term applied to a mass in which the mu- 
tual attraction of the atoms is so strong that the mass may be 
moved about as one body, without the relative positions of the 
component parts being thereby disturbed, From this results the 
fact next stated, 

jdpkorkm LVIIL 

Force, moving part of a solid, must affect the whole or break 
off the part. 

c. An earthenware vessel may be suspended by a portion of 
its lip (or by its handle), llius proving that the cohesion of the 
parts is stronger than the weight of the vessel ; but if an attempt 
be made to lift the vessel quickly by such a part, the part may 
rise and leave the vessel behind, — because then the inertia is act- 
ing together. with the weight to destroy the cohesion. 

.fc. If any uniform rod be supported by its rnWdle, like a 
weighing beam, the two ends will just balance each other. If 
equal weights be hung at the extremities of the arms, the equi- 


This is the division of science commonly called Mechanics, In regard to 
solid bodies, the phenomena of Rest are treated under the head of Statics ( — pro- 
perly Stereo-statics — ), and those of Motion under that of Byaamics (properly 
Stereo* dynamics). 
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librium will still coutiaue. The middle point ia this case is call- 
ed the centre of gra^nty ; and that there is such a point in every 
mass we proceed to declare. 

Aphorism LIX. 

In every mass^ or system of connected masses, there is a point 
around which all the parts balance each other, and this point i> 
called the centre of gravity (or of inertia). 

a. When this point is supported, the body does not fall. 
When this point is not supported, the body falls to that side on 
which the point is. 

i. Thus the centre of gravity of a bar of wood or iron of 
uniform thickness is at the middle point. Support this point on 
your jinger and the bar will remain supported. Move the point 
tcydither side and the bar will fall on that side. 

c. A Hue drawn perpendicularly to tlic surface of the earth 
from the centre of gravity is called the line of direction. A bo- 
dy remains standing when the line of direction falls within the 
base on which the body is placed ; otherwise it falls. 

d. When people in a boat rise up, the centre of gravity of 
the whole, that is to say of the boat with its contents, is raised. 
A smaller inclination of the boat to one side will then make the 
line of direction fall beyond the base. When there is any risk 
of a boat^s upsetting, therefore, the passengers ought to avoid 
starting up. 

e. The centre of gravity of a sphere is the centre of the 
sphere. Wherever you place a spherical body of homogeneous 
material, on a horizontal plane, the centre of gravity being ver- 
tically over the point of contact, the sphere will rest. On the 
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other hand, if yon place the sphere on a slope, the point of con* 
tact not being vertically under the centre of gravity, the body 
will roll down, 

/. The centre of gravity of a body is not necessarily within 
the body itself. In a ring, of iron for instance, the centre of 
gravity is some where within the hollow in the midst. Suspend 
the ring from two several points, and tie two threads across it in 
the direction of the two lines of suspension. The ring will be 
balanced if you support the point of intersection of the threads. 

//, On these properties of matter, and laws of motion, which 
we have described, depends the operation of numerous machines 
which have been contrived for the saving of human labour. 

/u In looking at a potter’s wheel revolving, the truth of the 
following proposition will become apparent. 

Aphorism LX. 

In a solid body moving about an axis, like a wheel or a weigh- 
ing beam, the different parts have different velocities, according 
to their respective distances from the axis or centre. 

a. It is clear that a piece of soft clay placed on the rim of 
the wheel, passes over, in one revolution, twice the space tra- 
versed by another piece placed midway between the centre and 
the circumference, 

b. With reference to this the following is to be borne in 
mind. 


Aphorism LXL 

Forces, with different speed, may be made to balance one an- 
other if they be connected by some solid medium in such a man- 



BOOK IX. SEC. Vlir. 


f9 

uer that the speed of the smaller shall be the greater, just in 
proportion to the greater intensity of the other force. 

a. Upon this important truth the whole of Mechanics may 
be said to hinge. On this depends the operation of the simple 
machines j or mechanical powers, as they have been called, — the 
lever &c., which enable man to adapt any species and speed of 
power which may be available, to almost any work which he has 
to accomplish. 

b. The simplest of the mechanical powers is the lever. A le- 
ver is a rigid rod of uniform thickness, made, wc may suppose, 
of wood or metal. 

c. If the rod be placed upon a support which is called the 
fulcrup, at its centre, the two arms of the lever will balance 

other. 

d. If equal weights be hung at the extremities of the arms, 
the equilibrium will still continue. On this principle the com- 
mon weighing balance is constructed. 

e. If the lever be supported not at the middle, but at suck a 
point that the one arm shall be twice as long as the otJier, then 
the centre of gravity will be removed to the side of the longer 
arm; and a weight suspended from the extremity of the longer 
arm will balance twice its weight suspended from the extremity 
of the shorter arm. 

/. It is evident from this that if the arms of a weighing bal- 
ance are unequal in length, an imposition in the weight of goods 
may be effected, 

g. By moving the fulcrum still nearer to one end, a weight 
at the extremity of the longer arm may be made to balance three 
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times, four times, five times its weight at the other end, and so 
on indefinitely ; and a small addition to the weight at the long- 
er arm will enable it not merely to balance but to raise the larg- 
er weight. Thus a single person, by applying his strength at 
the longer end of a lever, is able to raise a weight which the 
combined force of several men could not move. 

h. It is obvious that the extremity of the longer arm must be 
moved over a great space, in order to raise the extremity of the 
shorter arm through a small space ; and thus, just as much as is 
gained in power is lost in time. 

This applies not only to the lever but to all the other me- 
chanical powers. It does not follow, however, that these are 
useless ; for, since we cannot augment our strength, those ins- 
truments are highly useful which enable us to reduce thd rcsis- 
tance or weight of any body to the level of our strength, at the 
expense of a corresponding portion of time. 

j. Another great benefit resulting from the use of machinery, 
as already hinted, is this, that it enables us to take advantage 
of gratuitous forces, such as a current of wind, a stream of wa- 
ter, or the expansive power of steam. When such forces per- 
form our task, we liave only to superintend and regulate their 
operation. 

Ac. So much for the peculiarities of solid bodies, 

/. Wc have next to consider the peculiar properties of matter 
in the form of liquid. 
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SECTION IX, 

HYDROSTATICS. 

m. Erom their deficiency of cohesion, liquids cannot be main- 
tained in heaps. The wind raises water into waves, but thes6 
are immediately afterwards destroyed by gravity. Thus : — 

Aphorism LXII. 

Liquids always tend to have their surface level. 

a. As the particles of fluids gravitate independently, they press 
against each other in every direction, not only downwards but 
upwards, and sideways. The pressure of fluids upwards, though 
it seepas ill direct opposition to gravity, is a consequence of their 
. ^^sure downwards, 

h. When, for example, water is poured into a vessel with a spout, 
the water in the spout rises to a level with that in the pot. The 
particles of water at the bottom of the pot are pressed upon by 
the particles above them ; they will yield to this pressure if there 
is any mode of making way for the superior particles, and as they 
cannot descend, they will change their direction and rise in the 
spout. 

c. For the same reason water may be conveyed to every part 
of a town, if it be originally brought, by means of pipes, from a 
height superior to any to which it is to be conveyed. Many of 
the cities of Europe are supplied with water in this w ay, 

d. When a tube with a very small bore is immersed in a vessel 
of water, the water rises higher in the tube than the surface of 
the water |n the vessel, being attracted by the sides of the tube, 

L 
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In this way [ — see Aph. 43. d. — ] the oil of a lamp rises amid the 
small tubes formed by the threads of the wick ; and water rises ia 
the very small tubes of trees and Other vegetables. 

e. We have already had occasion to mention [ Aph. 45. d.j 
the Sipecific gravity of bodies. 

Aphorism LXIll 

Water is employed as the standard for determining the cotnpa- 
tive weight, or specific gravity, of bodies. 

«. When we say that a substance is light or heavy, we speak 
comparatively. Thus chalk is light when compared with iron, and 
heavy when compared with wood. 

b. The comparative weight or specific gravity of a body as* 
certaiacd by weighing it first in air and afterwards in water. 

c. A piece of gold will displace just as much water as is e(Jual 
to its own bulk ; so that a cubic inch of water must make way for 
a cubic inch of gold. The gold will weigh less in water than it did 
out of it, on account of the upward pressure of the particles of the 
Water. Now supposing tliat a piece of gold weighed niiieteett 
ounces out of the water, and lost one ounce by being weighed in 
water, the quantity of water which it displaces must weigh that 
one ounce : consequently gold must be nineteen times as heavy 
ns water, 

d. If the body nitdet trial be of the sarhe Weight M the Water 
In which it is immersed, it will be wholly supported by it, as waM 
the water the place of which it occupies. 

e. A body pHced in Water rests when it has dfeplaced fli 

ty of water equal iii weight to the weight of the body j btitif the 
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bulk of the body be less tUau that of its weight of water^ as in the 
case of a ball of clay, it will sink. 

/, If the ball of clay be formed into a hollow jar, then it will 
displace a quantity of water more than equal to it in weight, and 
it will float. 

ff, A boat sinks the deeper in the water the more it is loaded, 
displacing just as much water as is equal to the whole weight ; and 
thus iron boats can be made to float. Steamboats on the Qanges 
are made of iron. 

h. In ascertaining the specific gravity of a body lighter than 
water, it is necessary to attach to it a body of known specific gra- 
vity sufficiently heavy to sink it. 

i. Water, oil, milk, &c. are fluids which possess very little 
^dS^^i^hxty. Such fluids are called liquids. Other fluids have a 
remarkable degree of elasticity. Let us now consider, then, the 
mechanical properties of elastic fluids, or Airs. 


SECTION X. 

PNEUMATICS. 

Aphorism LXIV, 

The leading character in which air differs from such a fluid as 
water is its elasticity. 

a. By the elasticity of air we mean its power of increasing or 
diminishing in bulk, accordingly as it is less or more compressed. 

b. lu consequence of its elasticity, air presses in all directions* 
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'e. An important property, in respect of which air resembles 
water; is the following : — 

Aphorism LXV, 

The air possesses weight* 

a. The following are proofs of this fact. 

When we suck water through a straw, we do it by expanding 
the chest; this diminishes the compression of the air within 
our body, which then no longer counterbalances the pressure of 
the external air on the surface of the water by which the water 
is consequently forced up the straw. 

c. The weight of a small quantity of air may be ascertained 
by exhausting the air from a bottle, by means of an air pump, 
and vveighing the bottle thus emptied* Suppose that a 

six cubic inches in dimension, when the air is exhausted, weighs 
two ounces ; if the air be then re-admitted and the bottle be re- 
weighed it will be found heavier by two grains ; showing that six 
cubic inches of air weigh about two grains. 

d. In order to ascertain the specific gravity of air, the same 
bottle may be filled with water, and the weight of six cubic indi- 
es of water will be found to be 1515 grains : so that the weight 
of the water to that of air is about 800 to I. 

e. For certain reasons it is supposed that the atmosphere is 
about 45 miles high. The weight of the upper portions causes 
the lower portions to be more dense. At the top of a high 
mountain the air is so thin that consideralbe difficulty is found in 
breathing there. 

/, The height of a mountain may be estimated by means of an 
instrument called a barometer ^ or measurer of the weight of the air. 
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A barometer may be made thus. Fill with mercury a glass 
tube about three feet iu length, and open only at one end. Then 
stopping the open end with tliQ finger, immerse it vertically in a 
cup containing mercury. Part of the mercury which was in the 
tube now falls down into the cup, leaving a vacant space in the 
upper part of the tube, to which the air cannot gain access. — This 
space is therefore a perfect vacuum ; and consequently the mercury 
in the tube is relieved from the pressure of the atmosphere, whilst 
that in the cup remains exposed to it. Therefore the pressure of 
the air on the mercury in the cup supports that in the tube, and 
the mercury will stand higher in the tube when and where the 
pressure of the atmosphere is greater. 

h. The mercury in the barometer usually stands at the height 
of about 29| inches. — When the harometer is carried up a hill, 
Ai* the top of a high tower, the atmospheric pressure l.)eing 
diminished, the mercury sinks. By means of numerous experi- 
ments it has been determined how many hundred or thousand 
feet of additional elevation correspond to a fall of an inch, or two 
inches, &c., of mercury in the tube, and thus it is that the instru- 
ment can be employed for measuring the height of mountains, 

'i. The mercury also sinks on the approach of a storm, so that 
it is of great value for giving warning of an approaching storm to 
ships at sea, 

y. The atmospheric pressure which sustains iu a tube a 
column of 29^ inches of mercury, ought to sustain a proportion- 
ately higher column of a fluid the specific gravity of which is 
less. — The specific gravity of mercury as compared with water is 
13|. Multiplying this by 29^, the number of inches of mercury, 
we get somewhat more than 33 feet in height; aiul according- 
ly, on making the experiment, we find that the atmospheric 
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pressure sustains a column of water of above 38 feet in height. 

/f. The relative specific gravity of two fluids which, like mer- 
cury and water, are not disposed to mix with each other, may be 
determined by the following method. Place a glass tube, curved 
like the goad of an elephant, with the ends of the limbs upper- 
most, and pour into it so much of each of the two fluids that their 
point of meeting shall be the lowest point in the curvature of the 
tube. Then the heights to which the two fluids rise in the res- 
pective limbs will be in the inverse ratio of their relative specific 
gravity. Por example, in such an arrangement, an inch of mer- 
cury in the one tube will be found to balance 13^ inches of water 
in the other; so that we conclude that mercury is 13| times as 
heavy as water. 

L When such a curved tube as we have just described is re- 
versed, it is called a syphon. Such is the instrument desmIJYciti; 
by Bhdskara Achdrya in his S iromani Miidkshara^ in the chapter 
on machines, where he says that if we place one end of such a 
curved tube, of copper or some other material, in a vessel full of 
water, the tube also being filled with water, and leave the other 
end open outside the vessel, all the water in the vessel will flow 
out through the tube. 

m. In the same way if you use the hollow stalk of a lotus, the 
flower having been removed, a vessel of water may be emptied by 
it. Many ingenious machines are constructed on the principle of 
the syphon by conjurors and other artists. 

n. The action of the syphon depends upon the weight of the 
atmosphere. The column of water in the external limb being 
longer than that in the limb immersed in the vessel, is heavier 
also. When it begins to fall, a vacuum would be formed in the 
upper part of the tube if the water in the shorter limb were not 
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iminediately forced to ascend, by the pressure of the atmosphere 
on the surface of the water in the vessel, 

o. The air is the most common vehicle of sound, but not the 
only one. On the subject of Sound we proceed to make some 
remarks. 


SECTION XT. 

ACOUSTICS. 

Aphorism LX VL 

Sound is heard when any sudden shock or impulse is given to 
the air, or to any body which is in contact, directly or iiidircctlyi 
with tjie ear. 

a. Thus sound, as that of a bell, can be heard under water, 

b. Solid bodies also convey sound, as may be thus proved. 
Fasten a string, by the middle, round a bar of iron, and raise the 
bar from the ground by the two ends of the string, one end being 
held against each ear closed. If the bar then be struck with ano- 
ther piece of iron, the sound will be conveyed to the ear by means 
of the strings in a much more perfect manner than if it had no 
other vehicle than the air. 

C. When a sonorous body, such as a bell, is struck, it is put 
into a state of rapid vibration. This vibration it communicates 
to the air, and the air communicates it to our ear, where it pro- 
duces the sensation of sound. 

d. A bell rung in a vessel from which the air has been re- 
moved, gives no sound. 
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Apkorum LXVIL 

The tremulous motion given to the air by the vibration of a 
sonorous body resembles iu some measure the motion communi- 
cated to smooth water when a stone is thrown into it. 

a. A ston# thrown into smooth water, first produces a small 
circular wave round tlie spot where the stone falls ; the wave 
spreads, and gradually communicates its motion to the adjoining 
waters, producing similar waves to a considerable extent. 

h. It requires some time for the vibrations of the air to extend 
to any distant spot. A washerman at some distance is seen to 
strike a mass of wet clothes upon a stone some time before the 
sound of the blow is heard. 

Aphorimi LXVIIL 

The velocity of sound in air is computed to be at the rate 
1142 feet in a second. 

a. Tlie nearly uniform velocity of sound enables us to estimate 
the distance of the object from which it proceeds. If we do not 
hear the thunder till half a minute after we see the lightning, we 
infer that the cloud is at the distance of six miles and a half. 

Aphorism LXIX, 

An echo is produced when the aerial vibrations meet an obstacle. 

a. When the waves raised in a tank, by throwing a stone into 
it, meet the bank, they are reflected. So an echo is produced 
when the aerial vibrations meet with an obstacle having a hard 
and regular surface, such as a wall or a rock. The vibrations 
may thus be reflected back to the ear, and produce the same 
sound a second time ; but the sound will then appear to proceed 
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from the object by wliicliit is reflected ; just as the image reflect- 
ed by a mirror seems to the eye to be behind the mirror- 

d. If the vibrations fall perpendicularly on the obstacle^ they 
are reflected back in the same line ; if obliquely, the sound returns 
obliquely on the other side of the perpendicular, the angle of 
reflection, in this case as in others, being equal to the angle of 
incidence, 

c. In solids, liquids, and even airs, we have found that weight 
presents itself, as a result of Attraction. But in the great cause 
of Repulsion, viz. Heat, though ive find some properties W'hich it 
has in common with the bodies already treated of, we do not find 
any evidence of weight. 


SECTION XIL 

OF TOE IMPONDERABLES, HEAT, ELECTRICITY, 

Aphorism LXX. 

Heat cannot be exhibited apart, nor be proved to have weight 
or inertia.. 

a. An iron ball, by being heated, does not gain in weight. 

Aphorism LXXL 

Heat diffuses itself among neighbouring bodies until all have 
the same temperature. 

a, A heated iron ball, thrown into a vessel of water, becomes 
cooled, while the water becomes heated. 
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Aphorism LXXIL 

The inferior degrees of heat ai*e denoted by the term cold, 

a. A man who has descended half way from the summit of a 
pass in the Himalaya, exclaims — How warm the air is!^’ — ' 
while the man who has just arrived at the same point from the 
plains, rejoins, On the contrary — how very cold !” The air feels 
hot or cold to each of these two because its heat is greater or less 
than that of the air that he has left. Thus we learn that Sensa- 
tion is not a perfect criterion of Heat. 

i. As these two men give opposite evidence, from their feel- 
ings, so a man’s two hands may give opposite evidence in regard 
to the heat of a basin of water. Put your right hand into as cold 
water as you can procure, and your left liand, at the same time, 
into as hot water as it can suffer, and, after a little time, place 
both hands in a basin of tepid water. To the right hand it will 
feel warm, and to the left hand cold. This shoAvs still more 
clearly that Sensation is not a trustworthy thermometer. 

Aphorism LXXUL 

Heat expands bodies, and hence any substance so circumstanc- 
ed as to allow the expansion to be accurately measured, consti- 
tutes a Thermometer. 

a. The common thermometer, for measuring tlie degrees of 
heat, is a glass bulb filled with mercury or other fluid, and hav- 
ing a narrow tube rising from it, into which the fluid, on being 
expanded by heat, ascends, and so marks the degree of heat. 

Aphorism LXXIV, 

Heat travels through different substances with difierent degrees 
of rapidity. 
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a, A burning match can be held till the flame comes near the 
fingers; but a metallic wire, if one end be put into the flame of 
a lamp, speedily becomes too hot to be held. 

Aphorism L\XV, 

Heat travels also through space. 

a. It is then called Iladiant Heat. 

b. Heat proceeds from a heated body, such as an iron ball, in 
straight lines, and in all directions. The law of the equality of the 
angles of incidence and reflection applies to these rays. If the 
rays proceeding in this way from the Sun are received in a cou« 
cave metallic mirror, they will be all reflected into one point, 
where the heat will be sufficient to set various substances on fire. 
Two sfecti mirrors facing each other may be so arranged at op- 
posite ends of a room that food placed in front of one of them 
shall be cooked by a fire placed in front of the other. 

c. Wlien a glass tube is rubbed with a piece of silk, or a large 
stick of sealing wax with a piece of flannel, tlien, besides heat, 
another effect is observed ( — to whicli the name of ekctrical is 
given). The tube first attracts, and then repels light substances, 
such as feathers, and small pieces of straw or paper. 

d. If the finger be brought near a large tube thus excited, a 
spark leaves the tube, and a slight crackling noise is heard. The 
same phenomenon occurs, in dry weather, if the hand is drawn 
rapidly over the back of a cat. 

e. The sublime phenomenon of thunder and lightning is of 
the same nature as that just described. Lightning lias been 
drawn from the clouds by means of a kite, and the same experi- 
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meiits have beea performed with it, as with the electricity deriv- 
ed from the friction of glass and silk, 

/ Electricity, like heat, always tends to an equilibrium. 
Hence a cloud which by any cause has become highly electrified, 
gives out its electricity with great noise and violence, when it 
comes within a certain distance of another less highly electrified 
cloud, or a tree, or a house. 

g. When a body is highly electrified, its electricity can* be 

drawn ,away without noise or violence by bringing a sharp-point- 
ed piece of metal near it. Advantage is taken of this fact, to 
preserve houses from lightning in Calcutta and other places, by 
attaching to the house a metallic rod, one end of which is buried 
in the earth, and the other rises somewhat higher than the 
house. ^ 

h. When substances are undergoing chemical changes, elec- 
trical phenomena appear. Electricity thus developed is called 
Galvanism, from tlie name of its discoverer Galvaiii, 

/. By means of Galvanism, information is conveyed in Eng- 
laucl in the cour.se of a minute to places at the distance of hun- 
dreds of miles. If the requisite arrangements were completed, 
a message might be sent from Calcutta to Agra, Dellii, and 
Bombay, within the hour. 

y. By means of Galvanism also we can, although standing at 
a great distance, instantaneously explode a barrel of gunpowder 
at the bottom of a river, and tluis remove the wreck of a vessel 
which would otherwise obstruct the navigation of the river. 
This has been lately done in the Ganges on several occasions. 

k. Another effect of electricity is its giving to a piece of soft 
iron the qualities of a magnet. 
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L Light, also, is imponderable. The agency of Light in the 
phenomena of vision is the object of enquiry in the important 
department of science whiGh we proceed next to treat of. 


SECTION XIIL 
OPTICS. 

m. In this science, bodies arc divided into Imninous, opaque^ 
and transparent, A luminous body is one that shines by its 
own light, as the sun, or a lamp. Polished metal, though it 
shines, is not luminous, for it would be dark if it did not receive 
light from a luminous body. It belongs to the class of 
opaque bodies whicli are neither luminous nor will allow the 
light to pass through them. Transparent bodies are those wdiich 
allow the light to pass through them, such as glass and water. 
Transparent bodies are frequently called Mediums, 

Aphorism LXXVL 

Light when emitted from a luminous body is projected in 
straight lines in every direction. 

а. When the rays of light meet an opaque body, they are 
stopped short in their course. The interruption of the rays of 
light by the opaque body occasions darkness on the oppo- 
site side of it. If this darkness fall upon a wall or the like, 
it forms a shadow. 

б, A shadow is not generally quite black, because it iisualiy 
happens that light from another body reaches the space where the 
shadow is found, in which case the shadow is fainter. This hap- 
pens if the opaque body be lighted by two lamps. If you extin- 
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guisli one of them, the shadow will be both deeper and more dis- 
tinct; yet it will not be perfectly dark, because it is still slightly 
illuminated by light reflected from the walls of the room, and 
other surrounding objects. 

c. If the luminous body be larger than the opaque body, the 
shadow will gradually diminish in size till it terminate in a point. 
Thus the shadow of the moon, in an annular eclipse, terminates 
before it reaches the earth. 

(L If the luminous body be smaller than the opaque body, the 
shadow will continually increase in size as it is more distant from 
the object that projects it. Thus the shadow of a man, thrown 
upon a wall by a lamp, may be twenty feet high or more. 

Aphorism LX XV I L 

Light moves with great velocity. 

a. Light is about eight minutes and a half in its passage 
from the sun to the earth ; therefore, when tlie rays reach us, 
the sun has quitted the spot he occupied on their departure ; yet 
we sec him in tlie direction of those rays, and consequently in a 
.situation which he has abandoned about eight minutes and a 
half before, 

b. The rate of the velocity of light was discovered in the fol- 
lowing manner. We have already mentioned that the planet 
Jupiter is attended by four moons, which are very frequently ec- 
lipsed. When the earth is between Jupiter and the sun, then 
the earth is nearer to Jupiter, and when the sun is between the 
two, then the earth is farther from Jupiter, by the distance 
of the diameter of the earth’s orbit. Having ascertained exactly 
the time of the occurrence of the eclipses when Jupiter is near 
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the earth, astronomers calculated, in accordance therewith, the 
time of many future eclipses ; but it was found that, when the 
planet was at its greatest distance, the eclipses did not become 
visible till about 16 minutes after the calculated time. It was 
inferred that light takes this amount of time to traverse the 
earth’s orbit, and from this the velocity of light was determined 
as follows. — As the sun’s distance from the earth is about ninety 
five millions of miles, Jupiter, when at his greatest distance, must 
be a hundred and ninety millions of miles farther off than when 
he is at his least distance from the earth ; and it follows that the 
velocity of light is nearly two hundred thousand miles per se- 
cond. 


Aphorism LXXVIIL 

When rays of light encoiiuter an opaque body, after being stop- 
ped short, they are mostly reflected, as an elastic ball when flung 
against a wall. 

a. Here as in other cases, the angle of reflection is equal 
to the angle of incidence. Admit a ray of tlie sun into a dark 
chamber by a very small hole, and let the ray fall perpendicular- 
ly on a mirror. Only one ray w'ill be seen, for the incident and 
reflected rays are both in the same line, though in opposite di- 
rections. Hold the mirror so that the ray shall fall obliquely 
upon it; and the reflected ray will go off at the same angular 
distance on the other side of the perpendicular. 

b. It is by reflected rays alone that we sec opaque objects. Lu- 
minous bodies send rays immediately to our eyes ; but the rays 
which they send to other bodies are invisible to us, and are seen 
only when reflected by those bodies to our eyes. The path of the 
ray which we spoke of as falling on the mirror, and reflected from 
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it, was discernible only by means of the light reflected to the 
eye by small particles of dust floating in the air, on which the ray 
shone in its passage to and from the mirror. 

Aphorism LXXIX. 

When light passes from one into another transparent medium, 
it is refracted. 

a. In consequence of this, when partly immersed in water, 
a staff appears shortened if it is placed vertically, and when it is 
placed obliquely the part immersed appears to be bent and bro- 
ken oir from the part above the water. 

h. From the phenomena of refraction it would appear that 
when a ray of light passes from air into water, it is more strong- 
ly attracted by the water. If the ray fall perpendicularly on 
water, the attraction of the water acts in the same direction as the 
course of the ray. But if it fall obliquely, the water will attract 
it out of its course, and make it proceed in a direction more near- 
ly vertical. 

c. The converse is the case with a ray of light leaving a dense 
medium and entering a thinner one. 

d. To show this, — place a silver coin at the bottom of a cup 
and set it so that the rirn of the cup shall just intercept the rays of 
the sun or of a lamp and leave the coin in the shade. On filling 
the cup with water, the rays, being refracted downwards, mil il- 
luminate the coin. 

# 

e. Again, having emptied the cup replace the coin and move 
backwards till the rim of the cup shall hide the coin. Then let 
the cup be filled with water and the coin will become visible ; 
for the rays reflected from the coin, and not intercepted by the 
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rim of the vessel, which previously passed above the eye, beiiig 
now refracted downwards, meet the eye. 

/. For the same reason the bottom of a clear stream or lake 
appears more elevated than it really is. Ignorant boys, unable to 
swim, have lost their lives by going to bathe where the water did 
not appear to them to be deep. 

//. The rays coming from the sun or from a star when near 
the horizon, are refracted downwards when they enter the at- 
mosphere. The situation of the heavenly body iu such circum- 
stances therefore appears to be higher than it really is, for the 
eye perceives an object in the direction which the ray coming 
from it takes at the instant when it meets the eye. 

h. The rays coming from a body in the zenith are not refrac- 
ted, “The amount of refraction is greatest at the horizon, from 
which it gradually diminishes towards the zenith. Hence at 
sunrise the lower limb of the sun is more affected than the upper, 
and when the air is rendered more refractive by damp, the disk 
assumes a form approaching to that of an egg. 

i. In astronomical observations, allowance must be made 
for ^ refraction. Tables of its amount, at all points between 
the horizon, where it is greatest, and the zenith, where it 
ceases, have been constructed, and are printed in Astronomical 
treatisesf, 

j\ In passing obliquely through a pane of glass, a ray of light 
suffers two refractions. On coming from the thinner air into 
the denser glass, the refraction is towards a perpendicular to the 
inner surface of the glass. On passing from the denser glass in- 
to the thinner air, the refraction is equally away from a perpen- 
dicular to the outer surface. The two refractions therefore, be^ 
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ing in contrary directions^ produce nearly the same effect as if 
no refraction had taken place. 

k. But this is the case only when the two surfaces of the re- 
fracting medium are parallel to each other : if they are not, the 
two refractions may be made in the same direction. Thus when 
parallel rays fall on a piece of glass having a double convex sur- 
face, which is called a lem^ that only is perpendicular to the sur- 
face which falls in the direction of the axis, the axis being the 
straight line passing through the centre of the lens and perpen- 
dicular to both surfaces. All the other rays meeting the surface 
obliquely arc reflected toward that perpendicular. When the 
rays quit the glass at the inner surface, they are again refracted 
towards the axis, by diverging from the perpendicular at the 
point where they leave the glass. Thus the whole eventually 
converge to a point beliind the glass, called the fociis^ at about 
the distance of the radius of the sphere of which the surface of 
the lens forms a portion. 

L The sun’s rays may be collected to a focus by a lens which, 
when used for this purpose, is called a burning-glass ; and a 
piece of paper held in the focus may be set on tire. 

m. A convex lens serves also as a magnifying glass. 

The reason of this is as follows. An object at a distance 
from the eye appears sraalb and what is near appears large. A 
small object is seen with most distinctness, by a well constituted 
eye, when at the distance of about five inches. If if be brought 
nearer, it appears larger, but less distinct. This can easily be 
put to the test by holding the book at the distance first mention- 
etl and then nearer to the eye. 

The reason of the indistinctness in the latter case is as 
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follows. In the fore part of the eye there is a drop of pure liquid 
iu the shape of a couvex lens, the refractive power of which is 
such that rays diverging from a small object at the distance of 
about five inches are readily brought by it to a focus on the reti- 
na, where the concentration of rays produces distinct vision, but 
the refractive power is not sufficient to bring to a focus on the 
retina the rays diverging from a nearer object. 

p. When people grow old, the fluid which forms the lens be- 
gins to diminish, and the convexity decreases, so that the letters 
of a book at the distance of five inches do not appear distinct to 
an old man. He sees more distinctly when he holds the book 
at arm’s length, 

y. This defect in the sight may be remedied in some measure 
by the use of convex spectacles, which cause the rays coming 
from any object to converge so far before reaching the eye that 
the lens of the eye can eftect the rest. 

7\ By interposing a very refractive lens, a small object may 
be viewed distinctly when brought near the eye; and it then ap- 
pears to be proportionately magnified. Such a glass is called a 
microscope. 

A small convex lens may be obtained by piercing a small 
circular hole in a slip of metal, and introducing into it a drop of 
water, which will assume a spherical form on each side of the 
metal. Objects looked at through this will appear magnified. 

f. If a lens be placed so as to fill up an aperture made in the 
window-shutter of a darkened room, and a sheet of paper bo held 
at a proper distance behind it, then the objects outside, trees, 
houses, men walking, &c, will be represented on tlie paper. An 
arrangement analogous to this exists in the eye, as we shall sliow 
in tlie sequel. 
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u. The operation of a concave lens is the reverse of that of a 
convex lens. Objects seen through a concave lens are dimi- 
nished. 

V. In some young persons the lens of the eye is so highly con- 
vex that the rays come to a focus before they reach the retina. — 
Prom this focus the rays proceed divergently and consequently 
form a very confused image on the retina. Such persons see an 
object distinctly only when very near the eye. 

to. Short sighted persona may enable themselves to see clear- 
ly at five inches distance by placing a concave lens before the eyes, 
in order to increase the divergence of the rays. 

,77. Short-sighted people may comfort themselves with the re- 
flection that their eyes, by the flattening of the lens, may begin to 
improve, at a time of life when the sight of other people is begin- 
ning to fail. 

y. There are other objects which though not really small, ap- 
pear so to us, from their distance. In order to see these distinot- 
ly, we employ a Telescope. 

z. The simplest form of Telescope consists of a convex lens 
fixed at the end of a tube, by which the rays from a distant ob- 
ject are made to converge; whilst the rays, before they come to 
a focus, are received on a concave lens which causes them to di- 
verge so far as is necessary to give distinct vision. The object 
is thus seen magnified^ and appears as if it were brought nearer. 

Aphorism LXXX. 

A beam of white light contains all the colours in nature. 

a. Holding a clear glass bottle full of water higher than his 
head, or placing it on a support where a ray from the sun, co- 
ming into a dark room, may fall upon it, let the observer place 
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himself betweeu the sun and the bottle ; then the various hues 
which appear in the rainbow, will all be exhibited by the bottle** 
Let the bottle be raised or lowered until one of the coloured rays 
appears; then let the bottle be gradually raised, or lowered, and 
the other coloured rays will be seen in succession. Now how 
can such a variety of colours issue from clear water ? The ans- 
wer is this, that all these coloured rays are contained in a ray of 
white light. We must give some explanation of this, 

a. It has been already mentioned that opaque bodies are seen 
by means of the rays which they reflect. All objects do not re- 
flect every ray. A body which reflects all the rays appears 
white. That which reflects none appears black. 

c. Along with the rays of light, the heat that attends them is 
either. reflected or absorbed. Hence, in the sunshine, black 
clothes, which absorb tlie rays, arc warm, and white clothes, which 
reflect them, are cool. Black cloth, for the same reason, takes 
fire quickly when exposed to a burning glass, but not so white 
cloth. 

d. A body which reflects the red rays, appears red, that 
which reflects the yellow rays appears yellow, and so in every 
case. 

e. The refraagibility of the coloured rays which make up 
white light is not equal. The blue rays are more refrangible 
than the yellow, and these than the red. This can be best shown 
by means of a prism of glass. 

/. Let this be placed so that the ray of light entering a dark 
chamber by a small hole shall fall upon it, then the ray which 

Tilts was the esperiment of Antonio de Dotninis, bishop of Spalatro, A. l>, 
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first threw a white light on the opposite wall, will display the 
various eolours of the rainbow. The refractions of the light, en- 
tering and quitting a prism, are both in the same direction, as in 
the case of a convex lens, and for the same reason ; but, as its 
sides are flat, the rays are not brought to a focus. 

<7. If the coloured rays which have been separated by a prism 
are allowed to fall upon a convex lens, they will converge to a 
focus, where they will appear white as they did before refraction. 
Thus we can take a ray of white ligKt to pieces, and put it to- 
gether again. 

/i. The sun appears red through a fog, and also frequently at 
rising and setting, because the red rays, being less refrangible, 
reach our eyes, whilst the more refrangible rays do not. 

i. The rainbow which exhibits a scries of colours analogous 
to those of the prismatic spectrum, is formed by the refraction of 
the sun’s rays in their passage through a shower of rain, every 
drop of which acts as a prism, in separating the coloured rays as 
they pass through it. 

y. As all the drops which are placed at the same angle as re- 
gards the eye give the same colour, and the location of all the 
drops which are at similar angular distances from the eye must 
be in a circle, the form of the rainbow, of which we see only a 
portion, is necessarily circular. 

/f. ^‘Inasmuch as the motion of bodies, the action of forces, 
and the propagation of influences of all sorts, take place in certain 
lines and over definite spaces, the properties of those lines and 
spaces are an important part of the laws to which those pheno- 
mena are themselves subject. Moreover, motions, forces or 
other influences, and times, are numerable quantities and the 
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properties of number are applicable to them as to all other 
things/^* Intending in the next section, therefore, to speak of 
Number and Magnitude, we here close the present Book. 


* Mill’s Logic — voi. 1. p. 394. 
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